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Surgeon's prayer 
Dear St. Luke and medical adviser of St. Paul, 
guide my hand and my eye for the sake of the 
patient. Steady my nerves and my scalpel; 
watch the microbes and the nurses; make 
muscles, veins, arteries and nerves behave 
according to the book; keep an eye on the 
anaesthesist. Save us all from Upses of memory, 
fraying of tempers, confusion of bottles and 
instruments, miscounting of swabs and blun-
ders of diagnosis. 
If it is "kill or cure", please cure; if it is "kill 
or maim ", please maim, but save the panent 
and my reputation. And as there is not place 
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CHAPTER 1 
General introduction and outline of the thesis 

General introduction 
In the Netherlands about 400 new patients are admitted each year with a spinal cord 
injury1. The total number of patients with a spinal cord injury is not exactly known but 
is estimated to be around 10.0002. 
The majority of these patients develop urological problems mainly due to bladder 
dysfunction. The management of neurogenic bladder dysfunction after a spinal cord 
injury is a highly sophisticated specialty and extensive literature is available. Improved 
urological care is one of the prerequisites for a better life expectancy of patients with 
a spinal cord injury3,6. Attention has focused on the function of the bladder and the 
urethra and from this evolved a better understanding of the pathophysiology of 
micturition. However in these patients the whole of the urinary tract is permanendy 
in danger. Management of the neuropathic urinary tract requires expertise unfamiliar 
to a "general" urologist. Only specialised urologists who are part of a therapeutic team 
can offer comprehensive advice and support and will be able to provide the necessary 
skill and insight in determining the most adequate treatment. The development and 
critical analysis of new treatment modalities is one of the important tasks in the hands 
of these urologists in close cooperation with other specialists involved in the care of the 
spinal injured patient. 
Aim of the study 
Advances in urological care have ensured that complications at the level of the urinary 
tract with inevitable progression to renal insufficiency or failure are no longer common 
causes of death in spinal cord injured people7·". However significant morbidity still exists. 
Problems with the storage capacity of the lower urinary tract can lead to severe inconti-
nence that is difficult to treat even with maximal conservative treatment3. Difficulties 
with the evacuation of urine are frequent and are a cause for recurrent urinary tract 
infections6. Secondary upper urinary tract dilatation can occur and stones of the bladder 
or at the level of the upper tract can develop4 \ 
This study discusses the actual knowledge of the pathophysiology of neurogenic 
bladder dysfunction in patients with a spinal cord injury in view of the application and 
development of newer treatment modalities. 
The anatomy and the pathophysiology of lower urinary tract function is described 
in order to illustrate the possible changes after spinal cord injury. The dual function 
of the bladder (storage and evacuation of urine) is discussed as well as the normal 
innervation of the lower urinary tract and the ontogeny of the micturition reflex. 
Since classification of neurogenic lower urinary tract function is important for the 
planning of further treatment, the different classifications available are presented. 
Based on a review of the urological morbidity in our own patient material and the 
classical treatment available, the need for improvement of the actual therapy is put 
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forwards. A technique which aims to restore the storing and evacuation capacity of the 
bladder in patients with a complete spinal cord lesion is described and the clinical and 
urodynamic effects presented. Some experimental aspects of the clinical application of 
this technique are discussed. Finally, some of the problems with the actual equipment 
used are reviewed and the direction for further research is indicated. 
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CHAPTER 2 
Anatomy and pathophysiology of lower urinary tract 
function in spinal cord injury 

Anatomy and neuro-anatomy of lower urinary tract function 
Introduction 
The double function of the lower urinary tract of storage and evacuation of urine 
depends on the specific and complex anatomy of the urinary bladder, urethra and 
nervous connections. Their activity is integrated at different levels of the central nervous 
system to produce the essential requirements of a normal micturition reflex: 
- adequate bladder capacity 
- sufficient temporal duration 
- minimal residual urine post-voiding 
- volitional control of the detrusor reflex and urinary sphincter function. 
The localisation and organisation at the different levels of the central nervous system 
is still obscure and most information available is based on animal experiments. Further-
more, most data from the human result from investigations of the abnormal anatomy 
and physiology. Although the discussion on neuronal organisation of storage of urine 
and micturition is going on, certain features appear. Redundancy or duplication of the 
neural pathways and the presence of neuro-anatomical structures and reflex pathways 
providing amplification of reflex responses is evident. 
The lower urinary tract includes the detrusor muscle and the lower one third of the 
ureter and the ureterovesical junction, the prostate gland and the urethra together with 
its smooth and striated muscles. These anatomical structures need an appropriate 
autonomic and somatic innervation and a vascular supply necessary for viability and 
contractility of the neuromuscular elements. 
Innervation of the lower urinary tract includes a central and a peripheral 
organisation. The central nervous system can be divided in the brain and the spinal 
cord. The peripheral innervation includes the spinal motor innervation, the pelvic 
ganglia, the neuromuscular junctions, the sensory endings and the axons innervating 
the smooth muscle of the detrusor and urethra, as well as the periurethral striated 
muscle. To this must be added the innervation of the pelvic floor. 
Central nervous system pathways 
Different regions of the central nervous system are implicated in the innervation of the 
detrusor muscle, the urethra and the pelvic floor. 
1 Two areas of the cerebral cortex are responsible for the control of the urinary 
bladder. They are represented both in the left and right hemisphere and localised 
anterior to the motor cortex1. The innervation of the periurethral striated muscle 
is localised on the medial aspect of the sensorimotor cortex. 
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2 Different specific nuclei in the thalamus are a relay for ascending sensory pathways 
as well as for the afferent axons from the periurethral striated muscle,\ 
3 The basal ganglia have been demonstrated to have a role in suppression of sponta-
neous detrusor reflex contractions32,33. Parkinson's disease with loss of function of 
the basal ganglia results in bladder hyperreflexia. 
4 The areas of the limbic system in the temporal lobe receive the input from the 
somatic nervous system and efferents from the bladder. Stimulation of these areas 
results in alteration of detrusor reflex function20. 
5 The cerebellum is mainly concerned with the control of motor activities of the 
periurethral striated muscle and the pelvic floor musculature. It could also be 
responsible for suppression of spontaneous detrusor contractions and the 
coordination between detrusor reflex contraction and relaxation of the periurethral 
striated muscle13. 
6 The pontine-mesencephalic grey matter of the brain stem is the final common 
pathway to the detrusor motor neurons in the intermediolateral cell column of the 
grey matter of the sacral spinal cord4. 
7 The spinal tracts innervating the detrusor muscle and periurethral striated muscle 
are localised in the afferent and efferent pathways of the intermediolateral cell 
columns and the ventral horn cells39. Pudendal nerve sensory axons arising from 
muscle spindles and tendon organs in the pelvic floor musculature travel to synapse 
on pudendal motor neurons in the ventral grey matter of the sacral cord. They divide 
and synapse through the dorsal columns on neurons in the cerebellum, basal ganglia 
and finally the sensorimotor cortex. From this area, the corticospinal tracts originate 
and travel caudally in the lateral columns of the spinal cord to terminate on motor 
neurons in the sacral ventral grey matter40. The sensory axons from the detrusor 
muscle enter the dorsal portion of the grey matter and synapse in the pontine-
mesencephalic formation of the brain stem. From there axons descend in the spinal 
cord to end by synapses on motor neurons in the lateral portion of the sacral inter-
mediolateral cell column". Sensory impulses from the mucosa and submucosa travel 
in the spinothalamic tracts of the spinal cord, synapse in the thalamus and end in 
the sensorimotor cortex12. These pathways are bilaterally represented. 
8 The conus medullaris has a special role in bladder control since it contains the nuclei 
innervating the detrusor and periurethral striated muscle. The detrusor motorneurons 
(Onuf s nucleus) are localised in the intermediolateral cell column41. The motorneur-
ons innervating the periurethral striated muscle are situated in the ventromedial 
portion of the ventral grey matter of the sacral spinal cord38. The pudendal nucleus 
however is located more rostrally. The sacral motor nerve roots from S2 to S4, 
eventually S5 contain the axons that innervate the detrusor muscle2. 
This different areas of the central nervous system are grouped by Bradley in four 
different neuro-anatomic circuits15 (Figure 1 and 2). Each loop has a separate function 
but integrate to produce the essential requirements of a normal micturition reflex. 
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The first loop consists of the connections from the cerebral cortex of the frontal lobe 
to the nucleus tegmento-dorsalis in the brain stem reticular formation. This loop is the 
substrate for voluntary control of the detrusor reflex. 
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Figure 1 : Illustration of Loops I, II and IV (adapted from Bradley WE, Urol Clin N Am, 
1974). 
The secondXooy consists of ascending sensory and descending motor pathways from the 
brain stem reticular formation to the detrusor motor neurons in the intermediolateral 
portion of the sacral spinal cord. It does not include the peripheral sensory and motor 
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pathways. This pathway is responsible for a coordinated detrusor reflex of adequate 
temporal duration to produce total evacuation of intravesical content. Partial interrup-
tion of this pathway results in a low threshold detrusor reflex with the presence of 
residual urine. Acute complete interruption of the circuit produces detrusor areflexia 
and urinary retention. 
The third loop consists of the pudendal motor nuclei in the grey matter of the spinal 
cord and their synapses with the peripheral detrusor afferent axons. The pudendal motor 
neurons give rise to axons which innervate the periurethral striated muscle. These 
pathways are responsible for the coordination between detrusor muscle contraction and 
relaxation of the striated periurethral muscle during voiding by inhibition of the 
pudendal motor neurons. This inhibitory effect however may be overridden by impulses 
from the cerebral motor cortex. 
The fourth loop is furnished by the pyramidal tracts running from the motor cortex 
directly to the pudendal motor neurons. This loop is essential in the volitional control 
of the striated periurethral muscle in the storage and expulsion of urine. Another part 
of this loop are the segmental nerves of the periurethral striated muscle. They transmit 
information from the muscle spindles to the pudendal nucleus. These are responsible 
for the tonic activity of the muscle also during sleep. 
Detrusor 
Brain stem reticular formation 
LOOP II \ 
Striated periurethral musde 
Nucleus detrusor 
Nucleus pudendus 
Figure 2: Illustration of Loops II and III (adapted from Bradley WE, Urol Clin N Am, 1974). 
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Peripheral innervation 
l INNERVATION OF THE DETRUSOR 
Spinal innervation 
The detrusor motor neurons are located in the intermediolateral cell column of the 
sacral grey matter. Extensive crossing of sensory fibres exists in the sacral grey matter. 
Stimulation of pelvic detrusor afferent sensory fibres results in bilateral response in the 
detrusor motor nerve fibres. The crossing is so extensive that hemisection of the sacral 
spinal cord can be performed without loss of the micturition reflex. The detrusor motor 
axons from the sacral segments S3 and S¿¡ pass in the sacral ventral roots and will form 
the pelvic parasympathetic nerves innervating the detrusor. 
In some individuals however branches from the sacral nerves S2 can also carry some 
efferent nerve fibres to the detrusor43. Sensory and motor fibres have a peripheral 
crossing at the level of the detrusor. However, in most individuals the functional 
innervation is predominately unilateral with equal number of fibres deriving from left 
and right. 
Sympathetic efferents from the lower part of the thoraco-lumbar sympathetic system 
form the hypogastric sympathetic nerves and synapse both in the hypogastric and pelvic 
ganglia. Other branches synapse in the ganglia of the sympathetic chain. Postganglionic 
fibres from these synapses run with the pelvic nerves. This complicates evaluation and 
interpretation of the peripheral effect of electrical stimulation of the pelvic nerves. 
Stimulation of the hypogastric nerve evokes a low amplitude detrusor contraction with 
a diphasic contour. Ablation of the sympathetic system however has no effect on 
detrusor reflex function. 
The innervation of the detrusor is controlled by recurrent inhibition. This is a 
physiologic mechanism for reflex localisation in the cells of the spinal cord concerned 
with micturition, defecation or sexual function10. During ontogenesis, reflex development 
permits to perform specific visceral reflexes. This separation and recognition of different 
visceral functions is called "local sign". With injury of the nervous system the "local 
sign" is often lost and bladder evacuation will occur concurrently with bowel evacuation. 
The recurrent inhibition is also responsible for the termination of the detrusor reflex 
in such a way that detrusor contraction is abolished after bladder emptying. For the 
bladder, this negative feedback is localised in the pelvic nerve afférents. Therefore, the 
presence of an interneuron in the detrusor motor nuclei in the spinal cord, the Renshaw 
cell, is necessary. These cells are controlled by nuclei in the brain and the cerebellum. 
Pelvic ganglia 
The pelvic ganglia are located in the connective tissue of the pelvis and close to the 
bladder wall and derive innervation from the lumbar and sacral spinal roots. These 
ganglia are unique since a single ganglion has both sympathetic and parasympathetic 
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preganglionic input. The synaptic relays are the final place of integration for the motor 
impulses generated in the lumbosacral spinal cord21. Bladder sensory afférents relay in 
some ganglia providing modulation of motor impulses before passing to the spinal cord. 
Innervation at the level of the detrusor 
Motor nerve endings at the level of the detrsuor are not specialized and a single nerve 
fibre may innervate many muscle cells. Postganglionic axons innervate the urinary 
detrusor muscle in several different anatomical arrangements16. 
One mode of innervation consists of bundles of axons containing axon varicosities 
filled with a neurotransmitter. This transmitter is released by postganglionic action 
potential, diffuses to the detrusor smooth muscle cell and evokes a sustained contraction. 
The second mode consists of the close contact of a postganglionic motor axon with 
individual smooth muscle cells. At the contact place axonal varicosities appear and 
contain synaptic vesicles with the transmitter agent. 
Sensory afférents in the urinary bladder are predominantly free nerve endings located 
in the detrusor and urethral smooth muscle as well as in the submucosa and urothe-
lium22. Sensory endings are distributed equally in all areas of the detrusor muscle. Those 
located in the collagen layers surrounding the smooth muscle bundles are principally 
concerned with proprioception whereas other free endings, located in the submucosa 
and urothelium, have exteroceptive qualities. There is extensive crossing of sensory fibres 
in the detrusor muscle of up to 30-40%2\ 
The impulses generated in the sensory receptors are necessary prerequisites for 
triggering of a micturition reflex. During detrusor contraction they continue to generate 
impulses providing for further amplification of the reflex. 
2 INNERVATION OF THE URETHRA AND THE PELVIC FLOOR 
The motor innervation of the urethra derives from the pelvic, hypogastric and pudendal 
nerves. Hypogastric stimulation produces urethral lengthening secondary to detrusor 
contraction. Pudendal stimulation produces rapid contraction of the distal urethra and 
the striated muscles of the pelvic floor14. 
The spinal innervation of the striated muscle components of the urethra is localised 
in the sacral ventral grey matter. The nucleus extends from S2 to S4 with predominance 
in Sv The motor neurons are tonically active and depend on a constant input of sensory 
impulses from muscle spindles located in the striated muscle portion of the urethral 
closure mechanism. 
The urethra has both autonomic and somatic sensory innervation. The urethra proximal 
to the prostate gland is innervated by the pelvic and hypogastric nerves. The distal 
portion is innervated by sensory afférents from the pudendal nerves. Sensory receptors 
respond to distension, passage of urine and opening of the bladder neck47. 
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Ontogeny of the micturition reflex 
Central and peripheral factors regulate the amplitude and time course of the detrusor 
reflex contractile response. The organisation of this pathways changes with age. In the 
experimental animal an acute transection of the spinal cord below the rostral pons 
abolishes the detrusor reflex response4. After a similar procedure in the newborn animal 
the reflex is preserved indicating that peripheral factors inducing a coordinated detrusor 
contraction are more important in the postnatal period than in the adult. In the human 
the sacral micturition centre does not transmit a spinal detrusor reflex. It can not 
coordinate the parasympathetic, sympathetic and somatic activities related to filling and 
voiding. The absolute control of inhibition and facilitation is by higher centres but the 
type of bladder response influencing the completeness of emptying is controlled by 
neural interaction at the level of the sacral cord and peripheral ganglia. Therefore the 
usual response to spinal cord injury is complete bladder paralysis for a certain period 
of time. Thereafter the synaptic sites on the dendrites of the detrusor motor nucleus 
which are occupied by descending fibres from the spinal cord, are vacated and it takes 
some time for these to be reoccupied by local axonal sprouting. This rearrangement of 
synaptic contacts is called neuroplasticiry. 
Pathophysiology of lower urinary tract function in spinal cord injury 
Introduction 
In the majority of patients with a spinal cord injury, a traumatic event is the cause of 
the lesion. A traumatic spinal cord injury therefore is the classical form of spinal cord 
injury. Spinal cord injuries can be the consequence of injury by a high velocity missile, 
fracture or fracture dislocation of the spinal column, or the consequence of sudden or 
severe hyperextension. With compression and shearing of the spinal cord, there is 
destruction of neurons and white matter with haemorrhage, particularly in the grey 
matter. Healing after the period of hematomyelia may produce a cystic cavity or syrinx. 
However frequently no lesion of the spinal cord is evident on macroscopic examination 
or at exploratory laminectomy or autopsy. 
After the spinal cord injury, there is sudden partial or complete loss of voluntary 
movement below the level of the lesion. Sensation loss often goes together with the 
motoric deficit and can also be partial or complete and eventually at a different level. 
The level of the lesion will be decisive for the resulting type of lower urinary tract 
function. However, the bony segments are numbered by the vertebral level but have a 
different relationship to spinal segmental levels at different locations. The spinal cord 
terminates at the level of vertebrae L|-I,2 in the adult, the conus medullaris being located 
approximately at the level of vertebrae Th12-L„ indicating the discrepancy between 
vertebral and spinal segment level of injury in low thoracic, lumbar, and sacral lesions. 
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Most lesions occur where the mobility of the vertebral column is most pronounced, 
notably in the cervical spine and at the thoracolumbar transition. The neurological 
deficit will indicate the level of the spinal cord injury. 
The first phase immediately after the trauma is called "spinal shock phase" and is 
associated with loss of all reflexes below the level of the lesion. In the spinal shock phase 
the detrusor presents areflexia, whereas the tonus in the periurethral striated muscle 
seems to return early, often within hours of the injury2''. This period can persist for 
weeks to months and is followed by a period of increased reflex activity27. This occur-
rence of increased reflex activity is associated with hyperreflexia of the deep tendon 
reflexes and the presence of extensor plantar responses. When the injury damages the 
conus medullaris or the cauda equina, there is persistent absence of reflexes in the 
segments involved. There is laxity of the anal sphincter and a varying degree of flaccid 
paralysis of the lower extremities in conjunction with depressed or absent deep tendon 
reflexes. The bulbocavernosus reflex is absent or depressed. Often this deficit is accom-
panied by complete or partial sensory loss in the same segments. 
In the phase of spinal shock, urinary retention is the common symptom of bladder 
dysfunction followed by recovery of detrusor reflex function if the lesion is above the 
level of the conus medullaris. The recovery of detrusor reflexes is associated with 
impaired or complete loss of voluntary control. Autonomic dysreflexia may be present 
in the lesions above Th6 '7 . 
Classification of neurogenic lower urinary tract dysfunction 
Classification of neurogenic lower urinary tract function in spinal cord injury is neces-
sary, not only for clarification but also to guide the therapeutic approach and to give 
an indication of the prognosis. Classifications of neuro-urological disorders, including 
spinal cord injuries, can be based on a description of the anatomic location of the 
neurologic lesion or on the detrusor and urethral function. 
The neuro-anatomic or neurotopographic classification is more a neurological 
approach based on the site of the damage in the neuro-urological axis. 
NEURO-ANATOMIC CLASSIFICATIONS 
The classical classification of this type was created by Bors and Commarr6. In order to 
bring the lower urinary tract function on a comparable basis with the paralysis of skeletal 
muscle, the terms "upper motor neuron lesion" (lesions above the sacral micturition 
centre) and "lower motor neuron lesion" (lesions below the sacral micturition centre) 
were introduced. Considerable attention is devoted to the completeness of the lesion 
and the degree of residual urine volume (balanced versus unbalanced). All spinal cord 
lesions are divided in three different types (sensory neuron lesions, motor neuron lesions, 
combined sensory-motor neuron lesions). 
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The Bors and Commarr-classification is very elaborate and therefore a simple classification 
based on the previous one has been introduced26. In the Hald-classification five categories 
are presented on a neurotopographical basis (supraspinal lesions, suprasacral spinal lesions, 
infrasacral or sacral lesions, peripheral autonomous neuropathy, muscular lesions). 
Another simple classification was proposed24. In the Gibbon-classification spinal cord 
injuries are divided in three categories: suprasacral lesions, sacral lesions, mixed lesions. 
However, since there is not always a fixed relationship between the type of disturbance 
in the somatic skeletal and the visceral innervation, all this classifications have their 
limits. Another objection to this kind of classifications is the fact that the terms upper 
and lower motor neuron do not make sense when applied to the parasympathetic 
nervous system. In a classical upper motor neuron lesion such as a spinal cord injury, 
it is not the upper neuron in the parasympathetic system which is damaged, nor is it 
the lower motor neuron of the parasympathetic system which is interrupted in a typical 
lower motor neuron lesion such as a cauda equina injury. 
Furthermore these classifications take into account only the parasympathetic and 
somatic lower urinary tract innervation and not the sympathetic system. 
UROLOGIC CLASSIFICATIONS 
Because of all these limitations functional or urological classifications were introduced. 
Such classifications have the advantage that the disorders of the lower urinary tract can 
be divided on the basis of the type of function or dysfunction. This is an accurate 
method that can be performed in a standardized way, using urodynamic and 
neurophysiological methods (see the section on "Investigations in neurogenic lower 
urinary tract dysfunction"). Based on this information an adequate treatment can be 
proposed. 
In the first functional classifications, the type of bladder dysfunction was indicated as 
autonomous in case of a neurologic lesion which causes a functional separation of the 
bladder from the sacral cord. A reflex bladder was thus the result of a lesion above the 
sacral micturition centre, separating the bladder segmental reflexes from the higher 
control. Many subclassifications of these basic types were introduced since the term 
autonomous bladder and reflex bladder might include different neuro-anatomical 
entities. Indeed, further experience with the urodynamic evaluation of neurogenic 
bladder function showed that a fixed correlation of a neuro-anatomical lesion with a 
certain type of bladder dysfunction is not always true8. 
Another problem with many of the above mentioned classifications was the fact that 
they did not took into account the dynamic and often pathologic interaction between 
the detrusor and the smooth and striated muscles of the urethra. Therefore, three 
functional components, the detrusor, the striated and the smooth musculature of the 
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urethral closure mechanism, must be studied. Based on these elements different neuro-
physiologic classifications with therapeutic implications were developed. 
The first attempt to classify neurogenic bladder dysfunction according to this criteria 
was the classification of Bradley. This classification is based on his neuro-anatomical 
system of four loops15. Disorders can be localised in one of the four loops (central 
nervous system pathology) or at the level of the peripheral innervation of the lower 
urinary tract (pathology of the peripheral motor or sensory nerves). 
Another problem in the classification of lower urinary tract dysfunction in spinal 
cord injury is the lack of correlation between the symptoms and the physiopathological 
mechanisms as shown by urodynamic techniques. Therefore, the functional status of 
the lower urinary tract, as evaluated by urodynamic techniques, is the most important 
information in view of the different treatment options. 
Different forms of functional behaviour of the lower urinary tract in neurogenic 
disorders as spinal cord injury, can be distinguished. To describe these, the activity of 
the detrusor and the striated and the smooth musculature of the urethral closure 
mechanism must be taken into account. 
Detrusor hyperreflexia 
Detrusor hyperreflexia is the most common form of detrusor dysfunction in spinal cord 
injury. It is characterized by involuntary detrusor contractions during bladder filling that 
cannot consciously be suppressed and that produce an increase in intravesical pressure 
of >15 cm H205 . In spinal cord injury this entity is almost always associated with a 
lesion cephalad to the sacral cord. Several theories have been presented to explain the 
neurophysiologic basis of detrusor hyperreflexia following suprasacral neurologic lesions. 
The normal micturition reflex is not a simple segmental process but involves synapsing 
of long spinal cord tracts, presumably in the region of the pontine reticular formation. 
Following suprasacral spinal cord transection, the nature of the micturitional reflex 
changes from a long tract reflex to a segmental reflex. Whether this segmental pathway 
is normally present in humans and is unmasked by a suprasacral lesion, or whether it 
represents a new reflex pathway formed by collateral sprouting is not sure3/i. The end 
result is a new micturitional reflex centre localised in the sacral cord1". The threshold 
of this centre is decreased and therefore it is responsible for involuntary detrusor 
contractions at low intravesical volume. 
Detrusor hyporeflexia or areflexia 
Detrusor hyporeflexia or areflexia may be defined as the absence of a detrusor reflex at 
appropriately high intravesical volumes. However, the inability to elicit a detrusor reflex 
during cystometry does not mean the presence of a neurologic lesion, since a certain 
percentage of normals will have bladder areflexia under these circumstances. This 
disorder is usually caused by a lesion involving the sacral cord, the cauda equina or the 
pelvic nerves. 
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The activity of the striated muscuUture 
[n detrusor hyperreflexia, reflex interactions between the detrusor and the external 
striated sphincter are present. Bladder filling will result in increased activity of the 
external urethral sphincter. On the other hand bladder contraction will normally be 
associated with reflex inhibition of all activity in the external urethral sphincter19. In the 
intact individual, this reflex coordination is probably organised at a suprasacral level3. 
Spinal cord lesions between the sacral cord and the pons may therefore result in detrusor 
hyperreflexia and lack of appropriate coordination between the detrusor and the external 
sphincter (detrusor-sphincter dyssynergia). Detrusor hyperreflexia with sphincter dys-
synergia may represent the unmasking of a facultative reflex between the detrusor and 
the external sphincter or rather the formation of a new reflex by neural reorganisation. 
This can explain why dyssynergia rarely occurs in lesions other than those of the 
suprasacral spinal cord. 
In patients with detrusor areflexia, the striated sphincter may or may not be similarly 
affected. If the spinal lesion involves the innervation of the external sphincter, denerva-
tion will be present and relaxation will occur. This implies a lesion of the pudendal 
nucleus in the sacral cord or a pudendal nerve injury. In other patients the external 
sphincter retains its innervation and will not relax appropriately during attempts of 
voiding. Another explanation for non-relaxation of the striated sphincter in complete 
lesions of the parasympathetic afférents is the continued input to the spinal cord via the 
intact sympathetic pathway thus constituting a stimulus for continuous striated sphincter 
activity. The occurrence of this phenomenon in the absence of detrusor contraction may 
not be called dyssynergia but nonrelaxation of the striated sphincter. 
The activity of the smooth muscuUture 
Rarely detrusor hyperreflexia is associated with an obstruction at the level of the smooth 
muscle of the urethra and the bladder neck44. A normal detrusor contraction is accom-
panied by synchronous neurogenic relaxation of the smooth muscle sphincter. A lesion 
situated above the sympathetic spinal cord outflow (Th6) may result in loss of this 
appropriate inhibition of sympathetic discharge to the smooth muscle sphincter. This 
has most frequently been described in patients with clinical evidence of autonomic 
dysreflexia. This may be a manifestation of release of the sympathetic neurons in the 
thoracolumbar spinal cord from higher inhibitory centres. 
Detrusor areflexia may also be associated with neurogenically mediated outlet 
obstruction at the level of the proximal smooth muscle sphincter, since opening of the 
proximal urethra is neurologically mediated and not the result of detrusor contrac-
tion28. The coordination of this event occurs via the spinal reflexes. A decreased 
parasympathetic influence may thus result in detrusor areflexia combined with 
neurogenically mediated smooth muscle obstruction at the level of the urethra and the 
bladder neck. 
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U R O D Y N A M I C C L A S S I F I C A T I O N S 
The first classification based on urodynamic parameters was introduced by McClellan35 
and popularized by Lapides31. It consists of five categories of neurogenic bladder 
dysfunction: uninhibited neurogenic bladder, reflex neurogenic bladder, autonomous 
neurogenic bladder, sensory paralytic bladder, motor paralytic bladder. 
The first two categories are secondary to upper motor neuron lesions and the last 
three are secondary to interruptions in the sacral micturition reflex. However this 
classification is solely based on cystometry and doesn't take into account urethral 
pathology. 
Based on more extensive urodynamic data a practical classification with a therapeutical 
orientation was developed29. In the Krane-Siroky classification the uninhibited and reflex 
bladder are combined under the heading of detrusor hyperreflexia since they don't differ 
with respect to therapy. For the same reason the sensory paralytic, motor paralytic and 
autonomous bladder are consolidated under the heading of detrusor areflexia. Both types 
of bladder function are subdivided with respect to their interaction with the striated and 
smooth muscle sphincters. 
The Krane-Siroky classification finally consists of seven categories: 
I Detrusor hyperreflexia 
with coordinated sphincters 
with striated sphincter dyssynergia 
with smooth muscle sphincter dyssynergia 
II Detrusor areflexia 
with coordinated sphincters 
with non-relaxing striated sphincter 
with denervated striated sphincter 
with non-relaxing smooth muscle sphincter. 
This classification is very easy to use in a specific patient. However other factors such 
as age of the patient, prognosis and symptoms must also be taken into account for 
further planning of the treatment. 
Pathophysiology of lower urinary tract dysfunction in spinal cord injury 
Based on the Krane-Siroky classification seven specific categories of neurogenic 
dysfunction of the lower urinary tract can be discriminated. The same categories can 
be found in patients with a spinal cord injury. Each of this categories has its own 
pathophysiological mechanisms that are responsible for the urological pathology and 
symptomatology. 
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Detrusor hyperreflexia with coordinated sphincters is caused by a lesion of the suprasacral 
cord or the higher centres. It must be presumed that there is some preservation of long 
tracts from the pontine region to the sacral spinal centre, referring to an incomplete 
suprasacral spinal cord lesion. However, the same pattern has been reported in cases of 
complete spinal cord lesion. The urodynamic evaluation in this patients will show 
involuntary detrusor contractions associated with periods of appropriate relaxation of 
the urethral closure mechanism due to suppression of the electrical activity in the 
external urethral sphincter. Since these patients can't counteract the involuntary contrac-
tions by increasing the urethral resistance, the major symptom is urgency and urge 
incontinence. These patients often void with high intravesical pressures36. However, 
upper urinary tract deterioration will mostly only occur when intercurrent infection or 
an organic infravesical obstruction is present. 
Detrusor hyperreflexia with dyssynergia of the striated urethral sphincter is often indicated 
as detrusor-sphincter dyssynergia. It is almost always present in patients with a complete 
spinal cord injury. During cystometry, the involuntary detrusor contractions are accom-
panied by concomitant bursts of electrical activity in the external urethral sphincter. This 
can be explained by the loss of the coordinating reflexes involving higher central nervous 
centres. Several variants of abnormal striated sphincter responses in patients with a spinal 
cord injury are described. The striated sphincter can present a continuous hyperactivity 
or even a clonic activity. This activity is not related to detrusor activity but is the result 
of stimuli in the S2 to S4 afferent nerve regions by a urinary tract infections or an 
infected decubitus. This patients will also have a neurogenically mediated obstruction 
at the level of the external sphincter and therefore will be, from a functional point of 
view, similar to patients with true detrusor-sphincter dyssynergia. 
Patients in this category will present all the symptoms of outflow obstruction with 
large residual volumes and a higher incidence of urinary tract infections. On cystometry 
high intravesical pressures are present during micturition with a poor flow and large 
residual urine. The detrusor contraction is often of short duration and ineffective45. Most 
of these patients will have some degree of incontinence caused by the detrusor hyper-
reflexia or by overflow. 
Progressive detrusor, hyperthrophy and obstruction at the level of the intramural 
uretero-vesical segment can develop. In other patients vesico-ureteral reflux will appear. 
Both are responsible for the incidence of upper urinary tract disorders in this category 
of spinal cord injured patients. 
Detrusor hyperreflexia and dyssynergia at the level of the smooth urethral sphincter is mostly 
seen in spinal cord injured patients with a lesion in the upper cord above the 
thoracolumbar sympathetic outflow at Th6 to Th,2. This condition is always associated 
with autonomic dysreflexia. Due to the increased sympathetic outflow from the 
thoracolumbar spinal cord, the proximal smooth muscle at the level of the bladder neck 
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is stimulated. During cystometry detrusor hyperreflexia is present with or without 
striated sphincter dyssynergia. 
Detrusor areflexia with coordinated sphincters is the result of a sacral cord or more periph­
eral lesion without any obstruction at the level of the smooth or striated sphincter. 
During urodynamic examination complete detrusor areflexia is present and voiding is 
performed by straining using abdominal pressure increase to expel urine. During 
micturition a decrease in electrical activity of the striated sphincter is detected. This 
situation can be encountered in partial lesions. 
Detrusor areflexia with a non-relaxing striated sphincter is found in the same categories 
of patients as the previous entity. During straining in an attempt to void, there will be 
continued or even increased electrical activity of the striated sphincter. This is not a real 
detrusor-sphincter dyssynergia, since no detrusor contraction is present. As these patients 
have large amounts of residual urine, they are at risk for fibrotic changes in the bladder 
wall due to overdistention. 
Detrusor areflexia with striated sphincter denervation will be the result of lesions involving 
the parasympathetic and pudendal nervous system. This situation is present in severe 
cauda equina lesions. Urodynamic evaluation will reveal detrusor areflexia together with 
evidence of pudendal neuropathy (polyphasic potentials and/or positive giant waves on 
electromyography of the striated sphincter). 
Detrusor areflexia with non-relaxation of the smooth sphincter is present in case of loss of 
parasympathetic influence on the sympathetic input to the proximal urethra at the 
peripheral level46. Every lesion of the parasympathetic system can be responsible through 
this mechanism for the loss of appropriate smooth sphincter relaxation. 
Since a few years we try to classify the patients in our neuro-urological unit following 
this classification and found it very useful. Furthermore, based on this classification a 
more rational treatment can be established. 
Investigations of neurogenic lower urinary tract dysfunction 
Radiological exploration 
The upper urinary tract can be visualised by intravenous urography or ultrasound 
examination of the kidneys. These investigations permit to describe the anatomical 
situation and are the basis for further follow-up. Dilatation of the upper urinary tract, 
due to obstruction or reflux can be detected as well as the presence of nefrolithiasis. 
The diagnosis of vesico-ureteral reflux necessitates a (video-)voiding-cystography, if 
required in combination with a urodynamic investigation. 
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Urodynamic examinations 
Urodynamic examinations inform on the functional behaviour of the lower urinary tract 
and enables prediction of the influence of lower urinary dysfunction on the upper 
urinary tract. This test permits also to detect the cause of the incontinence and to 
classify the lower urinary tract dysfunction. Therefore, urodynamic test are the basis for 
further therapeutic decisions. 
The filling phase of the micturition cycle is studied by means of a filling cytometry. 
Important parameters are the compliance of the bladder (pressure increase correlated 
with the filling volume, Δ V/ Δ Ρ) and the activity of the detrusor. The compliance of 
the bladder must be high (more than 10 ml/cm H 2 0 for volumes up to 100 ml, more 
than 25 ml/cm H 2 0 for volumes up to 500 ml). A low compliance is a bad prognostic 
sign for upper tract problems'6. During the filling cystometry hyperreflex detrusor 
activity can be present together with a high intravesical starting pressure (> 10 cm H 2 0) , 
as well as increasing pressure with filling and intermittent detrusor contractions with 
high peak pressures (> 100 cm H20). 
If the motoric innervation of the detrusor is damaged, detrusor acontractility may 
be present with a low starting pressure and slow pressure increase with filling. However 
a limited compliance can occur at some point of filling. 
To distinguish real acontractility from unmasked reflex activity a rapid fill cystometry 
(flow > 100 ml/min) or an icewater test can be performed7. For this test the bladder 
is filled at 25 ml/min with water at 4° Celsius and the bladder pressure is registered. 
A positive test means an evident detrusor contraction with expulsion of the bladder 
content. This indicates the integrity of the sacral reflex arc and normal contractile 
capacity of the detrusor. However a negative icewater test is caused by hypo-activity of 
the detrusor in 30% of the patients7. 
During the evacuation phase of a urodynamic investigation detrusor-sphincter dys-
synergia can be detected by means of electromyographic registration of the activity of 
the striated muscle of the external sphincter and the pelvic floor. Moreover, the intra­
vesical pressure necessary for evacuation of urine can be registered. 
Neurophysiological tests 
Neurophysiological tests can help to distinguish complete from incomplete spinal cord 
lesions since the clinical examination alone is not always sufficient. 
The absence of somatosensory evoked potentials at the level of the cerebral cortex 
after stimulation below the level of the spinal cord injury, indicates a complete spinal 
cord injury. The evokability of potentials at the level of the detrusor after magnetic 
stimulation of the cauda equina permits to detect the integrity of the sacral motoric 
nerves. 
Kidney function evaluation 
It is difficult to follow the exact kidney function in patients with a spinal cord injury 
based on the serum creatinine level alone. Because of the reduced muscle mass in these 
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patients, the serum creatinine level will only increase when the kidney function is below 
6 0 % of the normal value'0. 
The best test for kidney function is the determination of creatinine clearance based 
on a 24-hour collection of urine. These values do not depend on the total muscle mass 
and arc a better measure of the real kidney function. However, the collection of the 
urine in patients with a spinal cord lesion and incontinence can be difficult. 
Scintigraphic examinations can be helpful for the determination of kidney function. 
These test permit also to detect the flow of urine through the upper urinary tract and 
give an idea of the degree of obstruction4 2. 
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CHAPTER 3 
The morbidity due to lower urinary tract function in 
spinal cord injury patients 
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Summary 
A review is given of 105 patients with a traumatic spinal cord injury. In 93 patients with 
a minimum follow up of one year the morbidity due to lower urinary tract function 
was evaluated, based on the situation at their last control visit. The relation was studied 
between bladder behaviour and the type of urine evacuation and their influence on 
upper urinary tract problems, urinary tract infections, stone formation and incontinence. 
Based on the results of this study the most appropriate method for control of the 
bladder behaviour and urine evacuation in spinal cord injured patients is discussed in 
view of new treatment modalities such as dorsal rhizotomies and the implantation of 
an anterior sacral root stimulator. 
Introduction 
Great progress has been made during the last 25 years in the urological rehabilitation 
of patients with a spinal cord injury. Nevertheless these patients continue to develop 
complications such as urinary tract infections, stones of the upper and the lower 
urinary tract and deterioration of the bladder. Furthermore upper urinary tract 
problems can develop due to reflux and/or obstruction and these, with or without 
urinary tract infections as additional complication, can lead to deterioration of kidney 
function. Incontinence remains another important problem for these handicapped 
people. 
However no consensus exists on the real incidence of morbidity due to lower urinary 
tract function in spinal cord injury patients. Although a number of interesting articles 
review the urological problems following spinal cord injury, most authors present a 
prospective study of consecutive patient groups that had followed a strict follow up. 
Such follow up is not always achieved and, even when the medical care is well organised, 
the daily practice proves that the control of individual patients tends to be less scrupu-
lous with time. Even in the published prospective series the incidence of urological 
problems varies much depending on the follow up, the composition of the patient 
groups and the treatment(s) that were proposed. 
In an important study on the 25-year prospective mortality in veterans of the Korean 
and the second world war the mortality rate was 49% after 25 years, with renal disease 
as the major cause of death in 43% of those who died1. In this group, 44% of the 
patients had a Foley catheter at the time of evaluation. Vesicourethral reflux was present 
in 14.2% of the whole group and hydronephrosis in 14%. The group with the most 
important renal deterioration comprised patients with upper motor neuron lesions who 
were maintained on a Foley catheter. The high morbidity rate can probably be explained 
by the fact that in this study only 3 out of 175 patients were female. 
A British study presents a survey of 406 traumatic spinal cord injury patients 
admitted from 1967 to 19822. In this group only 0.5% of the patients died from renal 
complications being 5% of all deaths. At the last review 46% of the patients were 
appliance free and only 5.5% used permanent catheter drainage. Upper tract abnormal-
ities were found in 14% of the patients and stones in 8%. In this series 84% were male 
and 16% female. The most striking feature of this study is the low incidence of death 
from renal failure. 
Since there is a difference in the risk for upper tract problems between the male and 
the female population and since incontinence is a more difficult problem in women, 
some series deal especially with the female population with spinal cord injury. 
In another British study a difference was found in the mortality between males and 
females3. In a group of 86 females no single patient died from urological causes whereas 
13 (1.7%) in a group of 775 males died from renal failure. In the female group 3 
patients underwent a urinary diversion and 28 were managed with a permanent catheter 
drainage. 
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In an Irish group of 124 woman with a spinal cord injury, 22% had a permanent 
catheter drainage and 2 had undergone a urinary diversion because of intractable 
incontinence4. Twenty-four patients (19%) underwent operative procedures on their 
urinary tract mostly because of bladder stones. 
The aim of the present study is to evaluate morbidity due to lower urinary tract 
function in consecutive patients with a spinal cord injury, controlled in a urology 
department. The incidence of urological morbidity was based on the rate of urinary tract 
infections, the presence of urinary tract stones, the importance of incontinence problems 
and the incidence of upper urinary tract deterioration. 
Patients and methods 
Between January 1985 and January 1992, 105 patients with a traumatic spinal cord 
injury were seen for urological evaluation. There were 78 males (74.3%) and 27 females 
(25.7%). The age at the moment of the spinal cord injury varied between 0 and 77 
years, with a mean age of 31.5 years. Patients with a congenital spinal cord problem 
were excluded from this study. However 7 patients with a spinal cord injury due to an 
arteriovenous malformation were included. The patient of 0 year at the moment of the 
injury had a birth injury but was controlled till the age of 20. 
The mean follow up was 93.7 months (7.8 years) with a range between 1 and 456 
months. In 12 patients (11.4%) the follow up was less than one year. An overview of 
the follow up is given in Table I. 
Table I Follow-up status ol all patients 
Years 
>20 
1 5 - 2 0 
10 - 15 
5 - 1 0 
1 - 5 
< 1 
Total patients 



















Patients with complete and incomplete lesions at all different levels, from cervical to 
sacral, are represented in this series. However since the classification of the patients was 
based on the urodynamic behaviour of the lower urinary tract (bladder and urethra) no 
separate classification was done depending on either the degree or the level of the injury. 
All patients had a complete urodynamic evaluation during the first screening. The 
urodynamic investigation was repeated whenever the clinical situation altered or in case 
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of problems persisting after treatment. Videocystography was performed, usually in 
combination with the urodynamic investigation. In addition, an intravenous urogram 
was obtained at the initial screening. Further follow up of the urinary tract was based 
on regular ultrasonic examination of the kidneys. If any abnormalities appeared on the 
ultrasonic examination the intravenous urography was repeated. In case of suspicion of 
obstruction of the upper tract, renal scintigraphy with I-Hippuran or Tc-99m-Mag 3 
was performed5,6. This examination allows one to distinguish dilatation with or without 
obstruction based on the efflux curve of the radioisotope after the injection of furo-
semide. Kidney function was estimated with a 24-hour creatinine clearance or with a 
Tc-99m-Mag 3 clearance6. 
In the group of 105 patients, 4 died of nonurological causes (3 men, one woman). 
Of the total group of 105 patients 81 (77.1%) had a regular urological control and 93 
patients (88.6%) had a minimum follow up of one year. In these 93 patients morbidity 
due to the function of the lower urinary tract was evaluated based on the situation at 
their last control visit. 
The group of 93 patients with a minimum control of one year consisted of 70 males 
(75.3%) and 23 females 24.7%) of whom 69 (74.2%) had their last follow up control 
in 1991. 
Results 
Of 93 patients with a minimum follow up of one year, 48 (51.6%) presented a detrusor 
hyperreflexia with a coordinate sphincter mechanism, 14 (15.1%) had a detrusor 
hyperreflexia with a proven discoordinate sphincter mechanism and 31 (33.3%) pres-
ented a detrusor areflexia. 
The method of evacuation of urine was noted as on the last follow up visit (Table 
II). Eight different forms of urine evacuation could be distinguished. 
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' Bricker derivation, continent derivation, Bnndley-stimulator 
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Suprapubic tapping was used during the whole follow up period by 18 patients 
(19 3%) All patients had a detrusor hyperreflexia, 3 with proven detrusor-urethral 
dyssynergia and 15 without proven dyssynergia 
The Crédè manoeuvre was performed by 22 patients (23.7%) of whom 6 had a 
detrusor hyperreflexia which generated too little pressure to empty the bladder with 
tapping and who refused intermittent cathetensation The other 16 patients performing 
the Crédé-manoeuvrc, had detrusor areflexia and a weak pelvic floor, and could express 
urine with low intravesical pressure. 
Clean intermittent cathetensation (CIC) was applied by 9 patients (9 7%), although 
3 patients with a detrusor hyperreflexia and 2 of the 6 patients with a detrusor areflexia 
had used other evacuation methods previously 
A combination of different forms of urine evacuation was present in 22 patients. The 
combination of suprapubic tapping with clean intermittent cathetensation was used in 
16 patients (17,2%) with a detrusor hyperreflexia, because of incomplete evacuation with 
tapping alone. For the same reason 4 patients used the combination of tapping with 
the Crédè manoeuvre. In the group with a detrusor areflexia 2 patients (2 1%) emptied 
their bladder with a combination of Crede and intermittent cathetensation to reduce 
the number of cathetensations at their work 
Permanent catheter drainage, either suprapubic or transurethral, was present in 6 
patients (6 4%) Four patients with a permanent catheter had a detrusor hyperreflexia 
and 2 a detrusor areflexia. 
A surgical procedure that influenced the way of evacuation of urine, was necessary 
in 16 patients In 6 patients a urinary diversion following Bncker was performed during 
the follow up This type of urinary diversion was necessary because of upper urinary 
tract problems in 4 patients (see lable III) and because of severe and otherwise 
untraceable incontinence in 2 other patients Another 7 patients underwent intradural 
sacral posterior rhi70tomies and the implantation of a Finetcch-Bnndley anterior sacral 
root stimulator7 The indication for this procedure was mainly severe incontinence, often 
there were also recurrent urinary tract infections based on a large residual urine A 
bladder augmentation with ileum (Clam-cystoplasty) was performed in one patient and 
a supratngonal bladder resection with a bladder replacement with ileum was necessary 
in another patient, because of a low compliance bladder with severe incontinence A 
male patient underwent a continent diversion with an Indiana-pouch" because of severe 
and progressive reflux, recurrent urinary tract infections, low bladder compliance and 
a scarred urethra due to recurrent urethral strictures. 
Upper urinary tract problems 
Since deterioration of the upper urinary tract is one of the most important medical 
problems in spinal cord injury patients, we tried to define in our series the patients at 
risk for upper tract problems. Upper tract problems were divided into four categories: 
moderate dilatation without obstruction, severe dilatation without obstruction, dilatation 
with obstruction and reflux 
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During the follow up 22 patients (23.7%) developed upper urinary tract problems 
(Table III). The time for the upper tract problems to appear varied from one month 
to 34 years (mean 10.6 years). 
The group of patients with complications at the level of the upper urinary tract con­
sisted of 15 males (68.2%) and 7 females (31.8%). Of the 22 patients, 17 had a detrusor 
hyperreflexia (10 without dyssynergia, 7 with dyssynergia) and 5 had a detrusor areflexia. 
Moderate dilatation without proven obstruction was present in 14 patients (15.1%) 
of whom 7 had a detrusor hyperreflexia. Among these 7 there were 5 males (4 with a 
complete lesion and one with an incomplete lesion) and 2 females (one with a complete 
lesion and one with an incomplete lesion). 
In 3 patients who developed moderate dilatation of the upper urinary tract without 
obstruction, all males» (one with a complete lesion, 2 with an incomplete lesion), a 
detrusor hyperreflexia with dyssynergia was present. Another 4 patients with moderate 
dilatation without obstruction (2 males, 2 females, all with an incomplete lesion) had 
a detrusor areflexia. 
In all of the patients with moderate dilatation without proven obstruction, the 
alterations of the upper urinary tract were temporary and disappeared spontaneously or 
after changing the methods of urine evacuation. 
Severe dilatation without proven obstruction appeared in 2 male patients with a 
detrusor hyperreflexia with dyssynergia. With an empty bladder no signs of obstruction 
were present on renal scintigraphy. One man performed the Crédè manoeuvre for 3 
years before dilatation appeared. Since he presented a reduction in the renal clearance, 
a suprapubic catheter was inserted for 6 months without any effect on the dilatation 
but with stabilisation of the clearance. A sphincterotomy was then performed. Two years 
after the sphincterotomy he had persistent dilatation but with a stable clearance. The 
other patient with severe dilatation without obstruction emptied the bladder with 
suprapubic tapping for already 9 years. He developed a retention and a transurethral 
catheter was put in place. After 3 months with partial recovery of the dilatation of the 
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upper urinary tract, a sphincterotomy was performed. Four years after this his situation 
is stable without obstruction. 
Severe dilatation with obstruction developed in 4 patients (one male and 3 females). 
The male patient had a detrusor hyperreflexia and developed a terminal kidney insuffi-
ciency due to progressive and irreversible dilatation of both upper urinary tracts 12 years 
after the spinal cord injury. In view of a future transplantation and due to the poor 
quality of the bladder, a Bricker diversion was performed. One year later a kidney 
transplantation was performed. Five years after the transplantation, the transplant kidney 
is functioning without any urological problems and with a stable kidney function. 
A female patient with severe dilatation and obstruction of the upper urinary tract 
had a complete spinal cord injury and a detrusor hyperreflexia that was emptied with 
suprapubic tapping alone. She developed dilatation and obstruction 16 years after the 
injury and started intermittent clean catheterisation. At last follow up 3 years after the 
initiation of the catheterisation a slight dilatation without obstruction persists. 
The second female patient with severe dilatation and obstruction of the upper urinary 
tract had a complete lesion and a detrusor hyperreflexia with dyssynergia. She was seen 
with severe dilatation and obstruction 19 years after the injury. The bladder was emptied 
with the Crédè manoeuvre and she refused to use intermittent catheterisation. Because 
of this and severe incontinence problems, a Bricker diversion was performed. The third 
female patient with severe dilatation and obstruction of the uppet urinary tract had a 
partial lesion and a detrusor areflcxia. She developed severe dilatation with obstruction 
due to alterations in the bladder quality 6 years after the spinal cord injury, in spite of 
a strict regime of intermittent catheterisation. Finally a Bricker diversion was performed. 
With a follow up of 6 months slight dilatation persists without obstruction. 
Bilateral severe reflux (grade III-IV following Parkkulainen) developed in 2 male 
patients. One patient with a complete lesion and a detrusor hyperreflexia with high 
intravesical pressures, developed bilareral reflux 3 years after the spinal cord injury and 
suffered from recurrent septic episodes. Six months later he underwent a Bricker 
diversion. At the last evaluation 6 years after the diversion, no infectious problems are 
present and his upper urinary tract is normal. Another male patient with an incomplete 
lesion and a detrusor hyperreflexia with dyssynergia developed severe dilatation due to 
the reflux and had recurrent infections 9 years after the lesion. In spite of maximal 
conservative treatment his kidney function deteriorated and finally 5 years later a 
continent diversion with an Indiana pouch was performed. This resulted in bilateral 
obstruction with the need for bilateral nephrostomies. Progressive decrease of his kidney 
function prohibits reconstructive surgery. 
In total 5 patients needed major surgery to overcome the upper urinary tract 
problems which resulted in terminal kidney insufficiency in 2 of them. 
Urinary tract infections 
Urinary tract infections are another important cause of morbidity in patients with a 
spinal cord injury. Of the total group of 93 patients, recurrent and persistent urinary 
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tract infections with fever or other clinical symptoms of infection were present in 21 
patients (22.6%) (Table IV). Infection was defined as a combination of bacteriuria (> 
10s per ml) and urinary leucocytosis (> 20 WBC/HPF of spun urine)9. 
The infections occurred in 19 males (91.3%) and only in 2 females (8.7%). The 
infections developed between one month and 17 years after the spinal cord injury with 
a mean of 6.3 years. 
A detrusor hyperreflexia without proven dyssynergia was present in 9 patients, a 
detrusor hyperreflexia with proven dyssynergia in 5 and a detrusor areflexia in another 
7 patients. 
The group of 9 patients with a detrusor hyperreflexia were all male and had a 
complete lesion. Different types of urine evacuation were present. Tapping and tapping 
with Créde were used by one patient. Another patient had a permanent suprapubic 
catheter since 5 years. He presented with upper tract dilatation and overflow inconti-
nence 12 years after the injury. Since he had severe autonomic dysreflexia on intermit-
tent catheterisation and since he refused a sphincterotomy, a catheter drainage was his 
treatment of choice. 
In total 3 patients with infections and a detrusor hyperreflexia emptied their bladder 
with the combination of suprapubic tapping and intermittent catheterisation. 
This means that 25% of the patients with a detrusor hyperreflexia that was emptied 
with this combination presented recurrent infections. In the group with a detrusor 
hyperreflexia 3 patients underwent a surgical procedure. In 2 patients a Bricker diversion 
was necessary also because of severe infections. In one patient infections started 6 years 
after the injury and at the last evaluation, 9 years after the Bricker diversion no septic 
periods were present. In another patient a Bricker diversion was necessary because of 
decompensation of the bladder with large residuals and infections 2 years after the spinal 
cord lesion. However, because of persistent infections a secondary cystectomy was 
necessary another 2 years later. The third patient underwent sacral rhizotomies and 
implantation of a Finetech-Brindley stimulator 6 years after the injury because of 
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recurrent infections and severe incontinence, although maximal conservative treatment 
was applied. With a follow up of one year he is continent and free of infections. 
A detrusor hyperreflexia with dyssynergia was present in 5 male patients, 3 with a 
complete lesion and 2 with an incomplete lesion. Of this group of patients 2 empty 
their bladder with intermittent catheterisation, one with suprapubic tapping and 2 
underwent surgery that changed the way of evacuation of urine. One patient underwent 
a Bricker diversion and developed kidney insufficiency that needed a kidney transplant 
later on. The other patient underwent a continent diversion with an Indiana pouch. 
Detrusor areflexia was present in 7 patients with infections (5 males, 2 females). The 
Crédé-manoeuvre was used in 3 patients '"ith a partial lesion (2 males, one female). A 
man with a complete lesion performed intermittent catheterisation and in 2 patients 
surgery was performed. A female patient underwent a Bricker diversion 7 years after the 
injury because of infections and incontinence. In a male patient a Clam-cystoplasty was 
performed. He had a suprapubic catheter for 11 years but developed recurrent intrac-
table infections and hydronephrosis during the year before surgery. With a follow up 
of 2 years he is without infections and has a normal upper urinary tract. 
Urolithiasis 
In total 11 patients (11.8%) (10 males, one female) developed urinary tract stones 
during the follow up (Table V). A detrusor hyperreflexia was present in 5 patients and 
a detrusor areflexia in 5 other patients. Only one patient with detrusor-sphincter dys-
synergia developed a bladder stone whilst he had a permanent transurethral catheter. 
Bladder stones were present in 5 patients and a concomitant bladder stone and 
kidney stone in only one patient. Symptomatic kidney stones developed in 5 other 
patients, in 3 of them together with changes of the upper urinary tract (dilatation). 
Incontinence 
Incontinence is, particularly in the female, one of the problems that causes most 
discomfort. Of the total group of 93 patients 32 (34.4%) had persistent severe 
incontinence, requiring absorptive or collecting devices, despite maximum conservative 
treatment (Table VI). Severe incontinence was present in 18 out of 70 males (25.7%) 
and in 14 out of 23 females (60.8%). A detrusor hyperreflexia was present as the main 
cause for incontinence in 20 patients and a detrusor hyperreflexia with proven dys-




















synergia in 3. Although a detrusor areflexia was present, 9 patients in this group had 
severe incontinence problems. 
Table VI Overview of persistent incontinence in relation to bladder behaviour 
Bladder behaviour Incontinence(n) 
Detrusor hyperreflexia 20 
Detrusor hyperrelexia & dissynergia 3 
Detrusor areflexia 9 
Total 
In the group with a detrusor hyperreflexia, 11 males and 9 females suffered from 
incontinence. The majority (15) had a complete lesion. 
Ultimately, surgery was necessary in 13 patients to overcome the incontinence prob-
lems. In the group with a detrusor hyperreflexia, 7 patients (6 female, one male) under-
went sacral rhizotomies and implantation of a bladder stimulator and one patient got 
a Bricker diversion. In the group with a detrusor areflexia, 5 patients underwent surgery 
mainly for incontinence problems. In 3 patients a Bricker diversion was performed and 
in 2 patients an augmentation cystoplasty was necessary. 
Conclusions 
In this study we evaluated the morbidity due to lower urinary tract function in patients 
with a spinal cord injury. An important percentage of patients developed upper urinary 
tract problems. The incidence of these problems was very variable in time and could 
appear with every type of bladder dysfunction and was present as well in males as in 
females. The incidence is equally distributed between incomplete and complete lesions. 
Although the changes of the upper urinary tract appeared to be reversible after change 
of treatment in most of the patients, upper tract dilatation with obstruction which was 
a reason for surgical correction was present in the male as well as in the female. The 
method of urine evacuation as well as the bladder behaviour had a definite influence 
on the upper urinary tract. 
However no single method of urine evacuation can prevent upper urinary tract 
damage in all patients, since the change in bladder compliance alone can be responsible 
for upper urinary tract problems. Although deaths due to renal problems have decreased 
with renal replacement therapy and careful urological management, upper urinary tract 
problems can still occur and can be an important cause of morbidity10. Moreover, as 
in our series, upper urinary tract problems can occur at any moment during the follow 
up and at every age. This confirms the need for a lifelong follow up of every patient 
with a spinal cord injury". Since even with a careful follow up upper urinary tract 
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problems can occur, we may conclude that the actual classical therapeutic modalities 
are insufficient. Therefore new treatment modalities as complete dorsal rhizotomies of 
the sacral nerve roots probably could well become the treatment of choice for the 
protection of the upper urinary tract, due to the increase of bladder compliance12. 
Modern treatment of spinal cord injury patients has reduced the risk of urosepsis13. 
However the most frequent complication following spinal cord injury still is urinary 
tract infection14. Furthermore urinary tract infection and its associated complications 
appears to be the most significant causes for renal function decrease". 
As in our series urinary tract infections are more common in males and their 
incidence varies in time'6. Infections can cause clinical problems in every type of bladder 
dysfunction and appear both in complete and in incomplete lesions1'. Although the 
incidence of infections seems lower in those performing intermittent catheterisation18, 
no single type of urine evacuation gives an absolute protection against infection. This 
important conclusion is confirmed in the literature19,20. Experience with the sacral 
anterior root stimulator, however, indicates that the incidence of infections can be 
reduced significantly with this method21. Therefore this technique could become the 
prime therapy in the treatment and prevention of urinary tract infections and their 
complications. 
Stone formation is more frequent in males than in females22. As in our series the 
type of bladder dysfunction does not seem to influence the incidence of urolithiasis, nor 
does the follow up period after the injury. The majority of symptomatic kidney stones, 
however, are found in patients with anatomic changes of the upper urinary tract23. 
About one third of our group of patients with a spinal cord injury presented with 
important incontinence even though maximal conservative therapy was applied. The 
incidence is higher and the amount of urine loss more important in the group with a 
detrusor hyperreflexia. Surgical therapy to prevent or overcome incontinence was more 
frequently needed in females than in males. Newer nonmutilating treatment modalities, 
such as sacral rhizotomies and implantation of a bladder stimulator are an important 
amelioration for selected patients24. However the actual available methods of electrostim-
ulation are only optimal in patients with a complete lesion and further research in this 
field is necessary. 
In general, urological complications seem to be more frequent and more serious in 
the chronic catheterisation group compared to those in patients treated by intermittent 
catheterisation25. This can be explained by the poorer general condition of patients with 
a permanent catheter drainage. For these patients the technique of bladder stimulation 
also seems to be an interesting alternative option. 
As a general rule we advise a complete urological screening in every patient with a 
spinal cord injury as soon as the spinal shock period is passed. Even in patients without 
any evidence of urological problems and a stable way of evacuation of urine, a follow 
up visit every 3 months during the first year can be defended. This control should 
include an ultrasound of the kidneys and control for infection. In case of infectious 
problems or a change in the ultrasound, further evaluation with renal scintigraphy is 
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the only way to detect the risk for upper tract deterioration in an early phase. In the 
second year of follow up without any clinical problems or any abnormality on the 
previous controls, a new visit every 6 months is our present policy. From the third year 
on a follow up visit once a year is in our view obligatory, even in the absence of any 
clinical problem. This follow up, in combination with the application of new treatment 
modalities as complete dorsal rhizotomies of the sacral nerve roots eventually in combi-
nation with sacral anterior root stimulation, is the only way to diminish the incidence 
of the morbidity, as we found in the our series with a less consistent follow-up. 
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CHAPTER 4 
Classical therapy of neurogenic bladder dysfunction 

Introduction 
The initial therapeutic choice in the management of neurogenic bladder dysfunction 
is based on many factors. The type of lower urinary tract function is a predominant 
factor as well as are the clinical problems involved. 
The ideal treatment however must accomplish several goals: 
Permit adequate storage at low intravesical pressure 
Realise emptying at low intravesical pressure 
Preservation or improvement of the upper urinary tract 
Control of infection 
Continence control without catheter or stoma 
One of the most important findings of the urodynamic era is the fact that adequate 
storage at low pressure is essential for the preservation of the upper urinary tract'"1. If 
storage, even though adequate in terms of continence, is realised with sustained intraves-
ical pressure of >40 cm H 2 0 upper urinary tract deterioration is apt to occur. Therefore 
the prime goal in the treatment of neurogenic bladder function is to guarantee storage 
at intravesical pressures of <40 cm H 2 0 by conservative, pharmacological or if necessary 
surgical manipulation. However, other factors as significant vesico-ureteral reflux or 
infections must be controlled as well. 
The classical treatments for bladder dysfunction in patients with a spinal cord injury 
rarely achieve a perfect result in terms of the prerequisites mentioned above. Therefore 
a flexible approach is necessary in choosing an individual therapeutic plan in every 
patient. The individual wishes of the patient are an important element as well as the 
practicality of each proposed solution. Especially the choice between conservative or 
surgical therapy is very critical since an irreversible treatment can have a lifelong 
influence on the quality of life. 
Classical therapy 
Therapy in neurogenic bladder dysfunction after a spinal cord injury can be directed 
towards facilitation of bladder emptying or amelioration of urine storage. 
I TREATMENT MODALITIES TO FACILITATE BLADDER EMPTYING 
Bladder emptying can be facilitated by an increase of the intravesical pressure or 
inducing bladder contractility. 
External compression 
The evacuation of urine can be induced by increasing the intravesical pressure by manual 
expression of the bladder, the Crede maneuver. This method can be effective in patients 
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with reduced or absent bladder contractility22. However this technique can induce high 
intravesical pressure especially when the outlet resistance is high. A similar increase in 
intravesical pressure may be achieved by abdominal straining (Valsalva). Voiding with 
these methods therefore is unphysiologic and can induce vesico-ureteral reflux18. 
Initiation of reflex contraction 
The majority of patients with a detrusor hyperreflexia after a spinal cord lesion use 
manual stimulation of areas within the sacral and lumbar dermatomes to provoke a 
reflex bladder contraction4. The most typical form of triggering is by suprapubic tapping 
over the bladder. Detrusor-sphincter dyssynergia however is often present in this type 
of patients and may be responsible for incomplete evacuation15. Nevertheless, if induced 
emptying can be carried out frequently enough, so as to keep the bladder volume below 
the threshold for activation of the micturition reflex, incontinence can be prevented. 
Detrusor hypertrophy with secondary problems of the upper urinary tract, can be the 
consequence of the overactivity of the detrusor. 
Pharmacological manipuUtion 
Pharmacological treatment in order to facilitate bladder emptying by amelioration of 
bladder contractility or increase of the intravesical pressure has been of little benefit in 
the treatment of neurogenic bladder dysfunction after a spinal cord injury11. Actually 
no single agent is of clinical use since only complete evacuation of urine is sufficient 
in preventing urological complications. 
Urine evacuation can also be facilitated by reduction of the outflow resistance at the 
level of the smooth sphincter as well as at the level of the striated sphincter. 
BUdder neck incision or resection 
Bladder neck resection or incision has been performed for several years without evident 
clinical benefit. More refined urodynamic studies have shown that pure dyssynergia at 
the level of the bladder neck is uncommon3. In patients with a bladder areflexia who 
can achieve only partial evacuation with manual expression, this procedure creates a form 
of stress incontinence and other alternatives for evacuation of urine such as clean 
intermittent catheterization are preferable22. 
External sphincterotomy 
Therapeutic destruction of the external urethral sphincter was first performed in 193621. 
Good results were published with this technique13,23. The primary indication for this 
procedure is the failure of the bladder to empty in a male patient with detrusor hyper-
reflexia and detrusor-striated sphincter dyssynergia and that has been treated unsuccess-
fully with pharmacological manipulation. 
A substantial improvement in bladder emptying occurs in 70-80% but with perma-
nent incontinence as a consequence22. Upper tract deterioration however is rare after 
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successful sphincterotomy. Vesico-ureteral reflux, if present, can disappear because of 
the lower bladder pressures and the rear incidence of infections in a catheterless patient 
with a low residual urine. However a permanent external collecting device is necessary. 
Failure of this technique may be due to severe spasticity of the pelvic floor or inad-
equate bladder contractions. 
Outflow resistance can also be reduced with pharmacological therapy. 
Alfa-sympaticolytic drugs 
Based on the concept that the bladder neck can cause obstruction due to inadequate 
opening during detrusor contraction, the concept of alfa-adrencrgic blockade was 
endorsed9·'°. Phenoxybenzamine and prazosin hydro-chloride have been used successfully 
in patients with spinal cord injury. However with the dosages necessary for significant 
reduction of residual urine, important side effects especially orthostatic hypotension are 
present. 
Relaxants of the striated muscle 
There is no class of pharmacological agents that will selectively relax the striated 
musculature of the pelvic floor. Centrally acting muscle relaxants as diazepam can be 
used in case of striated sphincter dyssynergia but the concomitant sedation often is 
considered a major side-effect. The recommended oral doses generally are not sufficient 
in controlling the classical types of striated sphincter dyssynergia in spinal cord injury. 
Dantrolene sodium is a skeletal muscle relaxant that has been shown to have thera-
peutic benefits for chronic spasticity associated with spinal cord injury. This drug has 
been used successfully in some patients with classical detrusor-striated sphincter dyssyner-
gia to improve voiding16. 
Baclofen is an agent that is thought to hyperpolarize primary afferent fiber terminals 
in the spinal cord2. It has been found useful in the treatment of skeletal spasticity in 
spinal cord injury. In patients with voiding dysfunction due to striated sphincter 
dyssynergia after a spinal cord injury, amelioration of evacuation of urine has been 
reported5. However high dosages up to 120 mg daily are necessary and will give side 
effects as dizziness and weakness that often necessitates early withdrawal. 
A third form of evacuation of urine is the use of catheters or a urinary diversion. 
Intermittent catheterisatton 
Intermittent catheterisation has proved to be a most effective means of obtaining urine 
evacuation in spinal cord injury patients6. Since the concept of self-catheterisation was 
introduced, large groups of patients with different forms of neurogenic bladder 
dysfunction have used this method of urine evacuation. However self-catheterisation 
requires a cooperative and motivated patient. The patient must have adequate hand 
function and adequate urethral exposure must be possible. Disposable catheters have 
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reduced the incidence of infections even when long term intermittent catheterisation 
is necessary. However infections still can occur and especially in males the risk of 
urethral stricture is present. 
Continuous catheterisation 
Indwelling catheters can be used for short-term bladder drainage. Occasionally, an 
indwelling catheter can be the last resort as a long-term treatment. Virtually all patients 
with an indwelling catheter will have bacteriuria. A contracted, fibrotic bladder may be 
the end result of chronic catheterisation. Bladder calculi can form and urethral problems 
are rather common in males. A suprapubic catheter may obviate urethral complications 
but bladder spasms with incontinence may be a problem as well as the need for regular 
change of the catheter by specialised personnel. Finally squamous cell carcinoma may 
develop with long-term indwelling catheters8. 
Urinary diversion 
Although commonly used in the past, urinary diversion is rarely indicated in patients 
with spinal cord injury and means a failure of all other treatment modalities. Indications 
for a urinary diversion may be progressive, untreatable hydronephrosis and recurrent 
urinary tract infections. However urinary diversion will not always prevent further upper 
urinary tract deterioration17. 
Newer forms of surgical treatment such as continent urinary diversions are an 
amelioration in terms of quality of life but long-term effects on the upper tracts in spinal 
cord injured patients are not available yet19. 
II TREATMENT MODALITIES TO FACILITATE URINE STORAGE 
Storage can be facilitated by methods that inhibit bladder contractility or increase 
bladder capacity. 
Timed bladder emptying 
This form of bladder conditioning is typical for patients with detrusor hyperreflexia. 
The idea is to keep the intravesical volume below that at which storage failure results. 
Bladder emptying with suprapubic tapping may be combined with intermittent 
catheterisation in order to have full control over the bladder function. 
Pharmacological therapy 
Antispasmodic and parasympaticolytic medication is widely used in patients with 
detrusor hyperreflexia after a spinal cord lesion in order to control storing of urine20. 
These drugs act directly on the smooth muscle of the bladder or inhibit muscarinic 
cholinergic receptor sides. With this medication, the bladder volume to the first 
involuntary contraction will be increased, the amplitude of the contractions decreased 
and the total bladder capacity augmented. The potential side effects include salivary 
reduction with a dry mouth, disturbance of the vision by blockade of the iris sphincter 
52 
and the ciliary muscle and inhibition of gut motility. Especially in patients with a spinal 
cord injury these side effects are very troublesome. 
Augmentation cystoplasty 
Enterocystoplasty is the classical surgical treatment for storage failure secondary to 
neurogenic bladder dysfunction12. After this type of treatment many of these patients 
will experience emptying failure and need complementary treatment for evacuation of 
urine'. Information on the long-term effects of augmentation cystoplasty is not available 
yet. 
Storage can also be facilitated by increasing the outlet resistance. 
Pharmacological therapy 
Alfa-adrenergic drugs have been tried occasionally with limited success to increase the 
outlet resistance in patients with a spinal cord lesion. Actually no single pharmacological 
agent available has clinically relevant effect on the urethral closure mechanism in 
neurogenic bladder dysfunction after spinal cord injury. 
Surgical interventions 
Operative techniques used in non-neurogenic urethral dysfunction to increase outlet 
resistance can be used in patients with neurogenic lower urinary tract dysfunction. 
However these techniques, as for example the artificial sphincter prosthesis, require a 
normal storing capacity of the bladder in order to achieve acceptable results. 
Unfortunately in some patients external collection devices are necessary as a last resort. 
No satisfactory external collecting device exists for the female. Absorptive materials 
therefore are the last possible solution for many female patients with a spinal cord 
injury. 
External devices for the male such as the different types of condom catheters, are 
generally successful in terms or urine collection. However, many male patients consider 
this way of treatment unacceptable because of the visible equipment, the leaks and the 
smell of collected urine. Furthermore pressure necrosis of the penis and even the urethra 
can occur, especially in patients with impaired sensation7. 
Conclusion 
From this overview it is evident that the classical forms of treatment to facilitate storage 
of urine or bladder emptying can not solve all the problems involved in the urological 
care of patients with neurogenic bladder dysfunction after a spinal cord injury. Therefore 
urological morbidity even with maximal classical therapy still exists and newer forms 
of treatment that can solve both problems of storage of urine and voiding, are necessary. 
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Introduction 
Dysfunction of the lower urinary tract is a common finding in various forms of neu-
rogenic diseases. 
Several million people world-wide are suffering from neurogenic muscular 
dysfunction and every year their number is growing. Any injury or disease that is 
associated with paralysis of the lower limbs can affect the behaviour of the urinary 
bladder. 
In patients with a spinal cord injury the lack of ability to control the body's autonomic 
functions, especially the storing and evacuation function of the bladder, is a major aspect 
of their handicap. These functional disturbances nor only cause important social, 
hygienic and psychological problems but can induce also major medical problems and 
shorten life expectancy12,48. 
In addition to spinal injury, a multitude of other neurologic disorders can affect the 
bladder: congenital spinal abnormalities such as spina bifida, Parkinson's disease, 
multiple sclerosis, stroke and tumours of the spine or the central nervous system. 
Although the incidence of neurogenic bladder dysfunction is different among the various 
neurologic entities, an important percentage of patients with neurogenic problems will 
develop sooner or later in the course of their disease more or less significant disturbances 
in bladder function101. 
Besides these bladder problems with a proven neurological basis, a vast group of patients 
suffers from lower urinary tract dysfunction without an evident neurological cause. These 
are patients with different forms of so called "idiopathic" dysfunctional voiding syn-
dromes and incontinence problems. Since the cause of these abnormalities is unknown, 
specific therapy is difficult. For these people and their doctors therapy becomes frustrat-
ing and often leads to mutilating derivation surgery. 
In patients with evident neurogenic bladder dysfunction incontinence and poor evacua-
tion of urine with residual urine and recurrent urinary tract infections can cause 
important morbidity and render a satisfactory professional career and personal life of 
good quality almost impossible68·7'. Although mortality due to renal insufficiency 
decreased during the last 30 years renal complications still can occur5. The incidence 
of kidney damage is largely influenced by the presence of vesico-ureteral reflux and the 
higher incidence of nefrolithiasis in patients with neurogenic bladder dysfunction29,32. 
The relation between lower urinary tract dysfunction and upper urinary tract problems 
is evident and is influenced by the quality of bladder control63. Therefore an adequate 
treatment of bladder dysfunction is one of the most important prognostic factors for 
upper urinary tract problems62. 
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The cost of the different treatment options is another major issue. In neurogenic 
problems with a high incidence of clinical important bladder dysfunction such as spinal 
cord injury, the cost of physician visits, hospitalisation, medication, catheters, surgery 
and eventually kidney replacement therapy are very high. 
The classical therapeutic modalities are limited and proper selection for the individual 
patient is often difficult. Moreover, long term treatment and careful follow-up is often 
necessary22. 
The introduction of regular clean intermittent catheterisation has reduced the rate 
of urologica! complications including urinary tract infections39. However, many patients 
are not able to catheterise themselves or are not willing to be dependent on 
catheterisation53. Even with a good technique, recurrent urinary tract infections can 
occur and remain an important problem61. 
Chronic catheterisation can induce severe infectious complications and urethral stric-
tures8,44. The combination of chronic catheterisation and recurrent urinary tract infec-
tions can even be responsible for malignant degeneration of the bladder7. 
Pharmacological treatment can be effective in the treatment of detrusor hyperreflexia 
and can improve storage. Lifelong continuation of this therapy however is a major issue 
mainly because of side effects93. Furthermore in most patients, especially in females, 
incontinence remains a problem even with maximal pharmacological treatment. 
Drugs are even less effective for enhancing or control sphincter activity. Medication 
that can produce a significane amelioration of urine evacuation by an increase of bladder 
contractility or a decrease of the outlet resistance is limited52. 
The failure of pharmacological manipulation has led to the development of surgical 
approaches to the neurogenic lower urinary tract problems. Different forms of neural 
ablation in order to reduce detrusor activity have been tried with variable success'·17. 
Augmentation cystoplasty is an alternative and irreversible treatment but with unknown 
long term results and complications such as infections and malignant degeneration2. 
Sphincteric incisions can be performed to control the evacuation of urine in case of 
severe sphincter spasticity but with lifelong incontinence as a consequence77. The 
artificial sphincter can be used to replace insufficient closure function. However, since 
bladder activity is abnormal, the increase of outlet resistance in neurogenic bladder 
dysfunction is a delicate compromise between relief of incontinence and protection of 
the upper urinary tract54. 
A considerable amount of patients with neurogenic bladder dysfunction continue to have 
significant urologica! problems although maximal classical therapy is applied. 
Therefore newer forms of treatment have been tried and the use of electronic means 
to control storage and evacuation of urine has become an important tool in the urologi-
ca! treatment. 
58 
Background for electrical stimulation in bladder control 
The ultimate goal in the treatment of neurogenic bladder dysfunction must be to restore 
as close as possible to the physiological state, the storage and evacuation capacity of the 
bladder. 
Different pathological entities with consequences for the filling or voiding phase of the 
bladder or for the whole micturition cycle, can be present in case of neurogenic bladder 
dysfunction. Depending on these pathological entities the clinical goals of electrical 
stimulation in dysfunction of the lower urinary tract can be divided in four categories: 
1 To treat incontinence due to a lack of activity in the striated muscles of the urethral 
closure mechanism by improvement of the contraction of the sphincter mechanism. 
2 To overcome incontinence due to detrusor hyperactivity or urethral instability by 
reduction of detrusor instabilities or control of urethral activity. 
3 To permit evacuation of urine in patients with a paraplegic bladder by provocation 
of detrusor contractions. 
4 To control micturition in the hyperreflex bladder by a combination of dampening 
of spontaneous reflex excitability of the bladder and controlled activation of the 
detrusor. 
These aims can be fulfilled by three different forms of electrical stimulation: 
1 Direct stimulation of the efferent nerves to the lower urinary tract with a direct cause 
and effect of the electrical stimulation. 
2 Activation of reflex activity by stimulation of afferent nerves 
3 An indirect or modulatory effect on the behaviour of some elements of the lower 
urinary tract by electrical stimulation of other structures. 
In patients with a complete spinal cord injury and a bladder hyperreflexia the complete 
micturition cycle must be controlled. This means that supplementary to electrostimula-
tion for evacuation, an increase in bladder capacity and compliance must be realised by 
other methods. Only under these conditions both evacuation and storage of urine will 
be controlled in such a way that the physiological mechanisms are imitated. 
The importance of the different urological problems in neurogenic lower urinary tract 
dysfunction has been the basis for extensive research in the field of electrical stimulation 
during the last four decades. The general interest in neurostimulation for the treatment 
of various forms of functional problems has helped in the development of different 
systems of electrical stimulation as a therapeutic tool. In general, distinction can be 
made between devices that are not surgically implanted and implantable neuro-
p ros theses. 
Many forms of electrical stimulation with urological applications have been studied 
and an impressive amount of different systems have been presented. Few methods 
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however have survived and have proven their benefits and problems also with a reason­
able follow-up. 
Surface electrodes are used as non implantable devices for the treatment of pain also 
in the pelvic region (transcutaneous electrical nerve stimulation, TENS) 1 0 . Insertable 
plugs in the anal canal or the vagina arc applied to treat incontinence3'''38'6''. Intravesical 
electrostimulation is tested in children with spina bifida5 0 , 5 8 , 8 3. Implantable prostheses 
are available to induce bladder contraction in order to evacuate urine in paraplegic 
bladders or to control detrusor contraction in hyperreflex bladders1 8 , 2 4·9 1. Another 
application of electrical stimulation is the modulation of symptomatic voiding 
dysfunction such as urgency, frequency, urge incontinence and functional obstructive 
problems6 0 , 8 0. 
A review on the history of electrical stimulation can be useful to understand why 
some systems found a larger clinical application among the many theoretical possibilities. 
Furthermore a historical overview gives insight in the different stimulation sites that have 
been examined and can help to explain the neurophysiological background for the effect 
of specific forms of electrical stimulation. 
History of electrical stimulation 
The first mention of the use bio-electrical activity with the intention to cure disease is 
found in an Egyptian papyrus of 2750 ВС 5 1 . For centuries various forms of natural 
electrical current have been applied as an empirical treatment for a broad group of 
human diseases. 
Better knowledge of the neurophysiological backgrounds of electrical stimulation started 
with the frog experiments of Galvani showing that a muscle contracts after electrical 
stimulation of the nerve. The invention by Volta of the dry battery, made artificial 
electricity available as a therapeutic tool in human medicine. 
In the beginning of the 19th century a great interest has been shown in the effects of 
electricity on the human body. At the same time better knowledge of the basic 
neurophysiology has been gained, permitting to understand the specific innervation of 
different organs and to explain the activity of electricity on biological processes. Especial­
ly the work of Bell and Magendie who showed the role of posterior spinal roots as 
sensory afferent pathways and of the anterior spinal roots as motoric pathways, was very 
important with this regard6,55. 
In 1864 Budge showed that a detrusor contraction could be evoked by direct stimula­
tion of the ventral portion of the sacral spinal cord2 0. Therefore the bladder was the first 
organ ever to be submitted to direct electrical stimulation! 
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The first experiments to develop a system that could permit chronic direct electrical 
stimulation of the bladder originated in 194030. The advent of the transistor made 
continuous electrical stimulation possible and the cardiac pacemaker became available. 
At the same time experiments to develop a bladder pacemaker started. 
The first direct bladder stimulator was implanted in human in 1954'. Electrodes were 
placed directly on the bladder wall and stimulated with transcutaneous wires. Further 
technical development permitted the construction of a stimulator consisting of electrodes 
that were implanted on the bladder wall and controlled by a subcutaneous receiver. 
Different models of this type of stimulators have been developed11-4l-42-ef,-B8. Contraction 
of the detrusor probably was the result of stimulation of preganglionic myelinated 
parasympathetic fibres or postganglionic non-myelinated fibres. Since both preganglionic 
and postganglionic fibres are accessible to the stimuli, this type of stimulation could be 
used in theory both in acontractile as well as in hyperreflex bladders. However, in the 
hyperreflex bladder only a limited intravesical pressure increase could be elicited88. The 
Mentor direct bladder stimulator was largely tested in acontractile bladders6'. Maximal 
bladder pressures of 55 cm H 2 0 were reached but due to the lack of bladder neck 
relaxation, evacuation of urine without a reduction of the outflow resistance was not 
possible. The spread of current to other pelvic structures whose stimuli thresholds were 
lower than that of the bladder often resulted in abdominal, pelvic and perineal pain65,67. 
Furthermore simultaneous desire to defecate, contraction of the pelvic and leg muscles 
and erection and ejaculation in males prevented long term use of these stimulators11. 
Many technical problems especially detachment of the electrode from the bladder wall 
or erosion through the bladder were encountered with these systems and this method 
of bladder stimulation has completely been abandoned. 
Burghele tried to stimulate the bladder in patients with a spinal cord injury with 
electrodes on the pelvic splanchnic nerves21. Very limited clinical results have been 
published with this technique49. The fact that the pelvic splanchnic nerves are usually 
plexiform in humans, make it difficult to apply electrodes. Stimulation of the splanchnic 
nerves can only produce good bladder emptying if no sympathetic fibres are stimulated 
simultaneously, in order to prevent contraction of the bladder neck at the moment of 
detrusor contraction. Possibilities with this type of electrical stimulation seems limited 
and no system for clinical use is available at this moment. 
Electrical stimulation applied directly to the spinal cord was used by Nashold taking 
advantage of the remaining intact motor pathways to initiate micturition69. Although 
good results were published with a short follow-up70, many of the side effects seen with 
direct bladder stimulation were encountered78. Side effects with this form of stimulation 
included high outflow resistance with the need for sphincterotomies, sweating and 
piloerection, penile erection in males and movements of the lower limbs. The enthu-
siasm for this technique has waned considerably, but a conus implant for bladder 
61 
Stimulation is still available and long term results in a limited number of patients seem 
to be interesting33. 
Tanaglio and co-workers from San Francisco started their research also with direct spinal 
cord stimulation but found a very high rise in outlet resistance during stimulation47. 
Although some emptying occurred, a high intravesical pressure against a high outflow 
resistance was registered with voiding only at the end of stimulation when the outlet 
resistance decreased. They concluded that at the spinal cord level it was not possible 
to separate a bladder centre from a striated sphincter centre. Therefore an extensive series 
of experiments was started in order to achieve maximal specific detrusor stimulation with 
minimal sphincter activation94,95. This research showed that separation of the dorsal 
component from the ventral component of the sacral roots involved was necessary 
together eventually with section of the somatic fibres of the sacral ventral roots to be 
stimulated82. These experiments finally resulted in an extradural sacral anterior root 
stimulator for patients with a spinal cord injury that is available for clinical research90. 
In this treatment bladder stimulation is combined with partial sacral rhizotomies to 
control the reflex bladder activity. 
Brindley from London started with animal experiments with the purpose to develop a 
system for intradural sacral anterior root stimulation in 1969 and achieved implant 
driven voiding in normal and paraplegic baboons in 19721516. The first successful sacral 
anterior root stimulator for a patient with traumatic paraplegia was implanted in 197817. 
Since then, world-wide about 700 patients haven been implanted98. The clinical results 
have been largely improved since the introduction in 1986 by Sauerwein of complete 
intradural sacral posterior toot rhizotomies to control the reservoir function of the 
bladder in combination with implantation of the sacral posterior root stimulator79. 
Stimulators of the sacral segmental nerves at the level of the sacral foramen were 
introduced by Habib40. Although this type of stimulators were likely to produce the 
same effects as anterior sacral root stimulators, results were poor probably because of 
inhibition by simultaneous stimulation of afferent fibres. This work however was the 
basis for further research by Schmidt and resulted in the sacral foramen stimulator for 
the treatment of functional lower urinary tract disorders81. 
Simultaneous with the development of systems for direct bladder stimulation, implan-
table stimulators were introduced to treat incontinence. Caldwell was the first to 
introduce a direct sphincter stimulator23. This type of stimulator and later related ones 
were used continuously throughout the day and sometimes at night except during 
voiding1·25·26,74·85·87. Their aim was to improve the tonic activity of the striated muscles 
of the urethra. The stimulation electrodes were placed near the distal sphincter and 
stimulation probably occurred either by stimulation of the motor fibres to the sphincter 
or by initiation of reflex activity or by a mixture of both depending on the strength of 
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the currents used. Chronic stimulation effective in increasing intra-urethral pressure 
seems to have been problematic since all surgeons who formerly used this type of 
stimulators have ceased to do so. 
Non-surgically implanted anal or vaginal electrodes have been tried for many years in 
different forms of bladder problems with variable success. The anal plug originally 
designed for the treatment of faecal incontinence was also applied for the treatment of 
urinary incontinence46. Probably it stimulates some motor fibres of the pudendal nerves 
and the therapeutic effect results from reflex consequences of the stimulation of these 
afferent fibres. Vaginal devices resembling the anal plug have been developed for the 
treatment of stress incontinence84. Work from Scandinavian authors has extended on 
the treatment of detrusor instability with these devices36,37. For all these probes presum-
ably the therapeutic activity is related to the reflex consequences of stimulation of 
afferent nerve fibres. The use of these types of stimulators is limited in patients with 
neurogenic problems and well controlled trials are difficult to organise. Some patients 
probably can benefit to a certain degree but probably the cost benefit analysis is weak. 
In the treatment of neurogenic bladder dysfunction after spinal cord injury only 
stimulation of the sacral anterior roots is of clinical use at this moment. For the various 
forms of functional disorders including those related to neurological diseases, sacral 
foramen stimulation seems to be an interesting option for the future. 
Electrical stimulation in spinal cord injury 
The development of systems for electrical stimulation of the bladder in spinal cord 
injury coincided with a better knowledge of the pathophysiology of neurogenic bladder 
dysfunction. The risks of untreated high-pressure detrusor contractions lead to the 
application of aggressive anatomical approaches. These realised an important decrease 
in the mortality from 90% after World War II to 2% in the 1970s"9. However, 
treatments such as urinary diversion and sphincterotomy are important compromises 
in terms of quality of life. Therefore a treatment with electrical stimulation of the 
bladder in spinal cord injury must achieve low-pressure detrusor storage and convenient 
evacuation of urine. Only then the survival risks are minimised and a good quality of 
life is guaranteed at the same time. 
Two approaches to stimulation of the bladder in patients with a spinal cord injury 
are actually available, one of which is intradural and the other extradural. 
Actual systems for electrical stimulation in spinal cord injury consist of a radio-
transmitter applied to the skin over a buried receiver that is connected to the electrodes. 
This principle was already described in 1934 to stimulate a monkey's brain28. The same 
principle was first used to stimulate the bladder by Bradley in 1962". 
The problems however with direct bladder stimulation and stimulation of the conus 
medullaris has oriented the attempts to gain control over the bladder and the urethra 
electronically to the sacral roots. Habib first used the sacral roots for stimulation in 
animals and in humans40. Sacral root stimulators were originally designed and developed 
as devices that would activate either the bladder or the striated sphincter and the pelvic 
floor according to the stimulus parameters used. It was originally expected that many 
patients would use both the bladder-emptying mode to lower residual urine and the 
sphincter-activating mode to assist continence. In practice, the bladder-emptying mode 
has been of great value but the sphincter-activating mode is seldom used because of the 
need for continuous stimulation and the poor results due to striated muscle fatigue. 
Appropriate stimulation of the sacral roots will also activate the smooth muscle of the 
colon and the rectum and can have an influence on the defecation process. Furthermore 
continuous stimulation of sacral roots can induce penile erection in males. 
Habibs experiments with sacral segmental stimulation proved that stimulation of the 
bladder was possible at this level. However, to permit complete evacuation it became 
evident that afferent stimulation must be limited. Therefore Brindlcy started animal 
experiments to develop a system for implant driven micturition that could be applied 
to the intradural part of the sacral roots. Due to the anatomical features of the sacral 
roots, separation of the anterior (motoric) part and the posterior (sensory) part of the 
sacral roots is possible in their intradural part. The first animal experiments were 
performed in baboons and in 1971 the first micturition by sacral root stimulation in 
bursts was realised"'. Stimulation in bursts was necessary since stimulation of the sacral 
anterior roots resulted in simultaneous activation of the striated muscles of the pelvic 
floor, the urinary sphincters and the detrusor. Stimulation in bursts however permitted 
to use the different characteristics of smooth and striated muscle. The striated muscle 
of the outlet contracts rapidly and the smooth muscle of the detrusor slowly. In the gap 
between bursts, the outlet relaxes rapidly while the slower reacting detrusor is still in 
contraction, resulting in post-stimulus voiding13. 
Since these prostheses remained usable up to 4,5 year, a model for implantation in 
humans was built and successfully implanted in 197817. Good initial clinical results were 
achieved and the first urodynamic results published27. 
In 1986 the results of the first 50 patients were published1". 
The results in these series were very much influenced by the number of rhizotomies 
performed. Initially no rhizotomies at all were performed. After the first incidental 
rhizotomies in 1979, an important increase in bladder capacity was noted and in later 
operations in patients with a complete spinal cord lesion, bilateral posterior rhizotomies 
at the S, level were performed. These roots are considered to contain the main afferent 
fibres from the bladder and therefore should be cut to increase the bladder capacity64. 
Further experience however showed that the parasympathetic innervation of the bladder 
is not consistent in every patient and that S2 and S4 eventually S, roots can contain 
afferent parasympathetic fibres. These are not necessary active at the moment of surgery 
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but can become so afterwards and explain the high recurrence rate of detrusor hyper-
reflexia after partial sacral posterior rhizotomies72,76. This possibility of reinnervation of 
the bladder by higher or lower sacral segments after partial rhizotomies was already 
demonstrated in 197596. Parasympathetic reinnervation however never has been encoun-
tered at a level above S2". Therefore a complete parasympathetic deafferentiation of the 
bladder, necessary for a high capacity, high compliance bladder reservoir, should include 
complete posterior rhizotomies from S2 to S4/Sv The urodynamic results in patients that 
were submitted to a complete deafferentiation prior to implantation of an anterior root 
stimulator prove this with a permanent change in bladder behaviour100. 
Therefore the actual technique of intradural sacral anterior root stimulation in the 
treatment of neurogenic bladder dysfunction after spinal cord injury consists of the 
combination of complete posterior rhizotomies with implantation of the Finetech-
Brindley electrodes on the remaining anterior roots". 
With this technique about 500 patients have been operated worldwide. However, 
only few reports in the literature, mainly dealing with small series, give some general 
information on the results obtained:,·18·34·'',',7'7''. 
In these series and also in a personal overview of 184 patients from different centres 
more than 80% of the patients were able to achieve sufficient intravesical pressure and 
efficient voiding. Different reasons can be present that prevent the use of the implant, 
among them pain in patients with a partial lesion and without rhizotomies, nerve root 
damage or electronic component failure. In nearly all patients with a functioning 
implant the incidence of infections is decreased. In those patients who have had 
posterior rhizotomies, the occurrence of reflex uninhibited detrusor contractions is 
abolished as the reflex arc is no longer intact71. As a result patients have an increased 
functional capacity without involuntary detrusor contractions. Therefore continence can 
be achieved in the majority of patients without previous surgery reducing the urethral 
closure function". Most patients will become appliance-free, which enhances dignity 
and self image. 
Bowel function can also be improved with electrical stimulation. The lower colon 
is supplied with parasympathetic fibres by the pelvic plexus. Stimulation of the sacral 
anterior roots, mainly S4, will bring the colonic contents down to the rectum and assists 
in evacuation. In the majority of patients this means a significant gain in time for 
evacuation of stools and in some patients pure implant-driven electrodefecation is 
possible,r'. 
Posterior rhizotomy of both S2 roots will abolish reflex erections. However, with 
continuous electrical stimulation of the anterior S2 roots, electro-erection can be achieved 
and will last as long as the stimulus is continued. Electro-erection is possible in about 
50% of man with the Finetech-Brindley implant. In some male patients with a spinal 
cord injury the quality of the implant driven erections deteriorated with time for 
unknown reasons. However, the long term follow-up of the original 50 patients 
presented by Brindley indicates that persistent results of bladder stimulation with a 
limited number of technical problems are possible19. 
65 
Another type of sacral root stimulation for the evacuation of urine in spinal cord injury 
was developed by the San Francisco group of researchers. As a result of their research 
they placed the electrodes extradurally and combined the implantation of electrodes on 
the sacral roots S3 and/or S4 with selective posterior rhizotomies. The extradural 
approach has the advantage of the easier surgical technique with less risk for a 
cerebrospinal fluid leak. However, exact separation of anterior and posterior part of the 
sacral roots is more difficult in the extradural segment of S, and nearly impossible at 
the Si level. Moreover, crossing of anterior and posterior nerve fibres can occur at this 
level4. 
To overcome any residual concomitant striated muscle contraction of the urethra, 
a selective division of urethral nerve fibres travelling with the pudendal nerve was 
undertaken81. In a total group of 22 patients they could realise a complete success in 
8 patients (42%), meaning normal reservoir function, continence and evacuation of 
urine with electrical stimulation'2. Voiding with this type of stimulation is claimed to 
be synchronous and would occur with low voiding pressure. The extradural stimulation 
system is not commercialised and the results of further experimental and clinical work 
are not available. 
Indications for electrical stimulation in spinal cord injury 
Three different types of patients with spinal cord injury could be distinguished in terms 
of electrical stimulation: 
1 Patients with a lesion that has destroyed the efferent innervation of the detrusor. 
These patients have a bladder arcflexia and sacral anterior root stimulators are useless 
because the fibres that they are designed to stimulate have been destroyed. It is 
unlikely that any other kind of electrical implant will be successful. However, 
screening for electrical stimulation of patients with detrusor areflexia on cystometry 
but preserved bulbocavernosus or skin reflexes should include an evaluation of the 
integrity of the sacral cord reflexes of the bladder by transrectal stimulation of the 
pelvic splanchnic nerves14 or the sacral segmental nerves40. If these tests prove that 
efferent innervation of the bladder has survived, voiding can be achieved by sacral 
anterior root stimulator. 
2 Patients with a complete spinal cord lesion that leaves the sacral segments of the cord 
intact. After the phase of spinal shock, these patients will have detrusor hyperreflexia. 
Even if this reflex activity of the bladder is inefficient for complete evacuation of 
urine due to insufficient duration of the reflex activity or to detrusor-sphincter 
dyssynergia, those patients can be candidates for treatment with sacral anterior root 
stimulation. 
3 Patients with an incomplete lesion. Patients with a stationary incomplete lesion could 
be candidates for sacral anterior root stimulation if no pelvic sensitivity is preserved. 
If pelvic sensitivity is preserved, stimulation for urine evacuation can be so painful 
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that electrical stimulation cannot be used. Furthermore sacral rhizotomies prior to 
implantation of the stimulator will abolish perineal sensibility which can be very 
important in these wheelchair-bound patients. 
Patients with slowly progressive lesions could be suitable candidates for electrical 
stimulation alone without rhizotomies. Some patients with multiple sclerosis have been 
treated with sacral root stimulation, but their number is too limited to draw conclusions. 
With the actual techniques only patients with a stable complete spinal cord injury are 
ideal candidates for sacral anterior root stimulation and posterior root rhizotomies. In 
patients with preserved sensibility, the stimulation parameters used in the Finetech-
Brindley bladder control can induce pain sensation that prevent the normal use of the 
stimulator. 
Future possibilities 
Future developments will see the use of electronic means to control voiding and 
continence improve, become more computerised and perhaps less invasive. More patients 
with various forms of neurogenic bladder dysfunction could probably profit of the 
advantages of these techniques and regain a more normal control of the lower urinary 
tract with less morbidity. 
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Intradural sacral rhizotomies and implantation of an 
anterior sacral root stimulator in the treatment of 
neurogenic bladder dysfunction after spinal cord injury. 
Surgical technique and complications 
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Summary 
Hyperrcflexia of the detrusor is an important problem in the treatment of dysfunction 
of the lower urinary tract after spinal cord injury. Many treatment modalities have been 
proposed but they mostly give only temporary relief or are accompanied by severe side 
effects. In 1969, Brindley started animal experiments to accomplish intradural electrical 
stimulation of the sacral roots. A serially produced intradural sacral root stimulator that 
has been available since 1986 enables electrostimulation of the appropriate sacral roots 
that is sufficient to induce bladder emptying. The combination of the implantation of 
this stimulator with a complete intradural sacral posterior rhizotomy from S2 to S /^S5 
appears to be an interesting treatment modality for the hyperreflex bladder after spinal 
cord injury. The surgical technique is described, as are the postoperative care and the 
possible complications. 
A spinal cord lesion above the sacral micturition center in the conus medullaris results 
in a reflex (or spastic) bladder after the initial phase of spinal shock. This reflex activity 
of the detrusor is the result of the separation of the bladder segmental reflexes from the 
higher cortico-spinal control13. Micturition can be induced by external triggering, but 
the quality is inferior as compared with normal urination. Externally triggered micturi-
tion often results in high levels of residual urine, is unpredictable and produces high 
intravesical pressure due to uncoordinated sphincter behaviour and augmented outflow 
resistance. In some cases it is difficult to trigger the bladder artificially, and the occurence 
of uncontrolled and uncoordinated contractions between the episodes of micturition 
are responsible for periods of severe incontinence in many patients. Residual urine can 
cause urinary tract infections, and the high intravesical pressure can provoke vesico-
ureteral reflux and, eventually, pyelonephritis that can result in hydronephrosis and 
deterioration of renal function12. In some patients the detrusor-sphinctcr dyssynergia 
causes detrusor hypertrophy, which can also result in hydronephrosis and bladder decom-
pensation21. Therefore, one of the most important goals in the neuro-urological treatment 
of patients presenting with a spinal cord injury must be the relief of bladder spasticity 
to restore the reservoir function. Incontinence treatment and controlled micturition also 
contribute to the quality of life and aid in the rehabilitation of the patient. 
Since many years or so, several treatment modalities have been proposed for the 
control of reflex activity so as to overcome the considerable morbidity of the spastic 
bladder and to cure incontinence. Different bladder denervation procedures have been 
proposed, including selective sacral rhizotomies24. However, although all of these 
techniques initially relieve the spasticity, there is a high rate of recurrence25. Modern 
pharmacological treatment enables good bladder control but often results in large 
amounts of residual urine or in retention, either of which necessitates intermittent 
catheterisation28. Even following treatment with high doses of parasympatholytics, 
which usually produce severe side effects, continence at higher bladder capacities 
(>300cm') cannot be guaranteed. Different forms of cystoplasty have been applied in 
neurogenic bladder dysfunction'. Using these techniques, a low-pressure reservoir can 
be created, but the high incidence of infections, the need for catheterisation and the 
possible malignant degeneration require the careful selection of potential candidates. 
In 1969, Brindley began performing experiments in baboons to accomplish intradural 
electrical stimulation of the sacral roots2. In 1972, this resulted in implant-driven 
micturition in normal and paraplegic baboons following the separation of anterior from 
posterior roots and subsequent stimulation of the anterior roots3. In 1978 the first 
intradural sacral root stimulator was implanted in a patient4, and in 1986 a report was 
published on the first 50 persons to receive an intradural implant5. At that time, most 
patients required a maximum of two posterior rhizotomies, and in some cases none was 
performed. Although stimulation-induced micturition could be achieved in all patients, 
only 60% of them became continent. The first urodynamic report was made in 1984 
on 13 patients; probably due to insufficient rhizotomies, only 7 subjects showed areflexia 
of the detrusor'. 
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In 1986, Sauerwein began combining a complete intradural posterior sacral 
rhizotomy from S2 to S4/S5 with the implantation of the Finetech-Brindley stimulator. 
In 1990, this author published the results he obtained in 45 patients after a minimal 
follow-up period of 6 months; 41 of his subjects became continent, 43 exhibited an 
areflexic bladder and stimulation-induced micturition was achieved in all cases2". On 
the basis of this experience, the combination of a complete intradural posterior sacral 
rhizotomy with the implantation of a Finetech-Brindley stimulator seems to be an 
effective method for the treatment of neurogenic bladder dysfunction after spinal cord 
injury. 
Principle of the intradural stimulation 
Since the first goal in the treatment of neurogenic bladder dysfunction after spinal cord 
injury is to restore the reservoir function of the bladder, a normal collection phase at 
low pressure during bladder filling is essential to protect the upper urinary tract and to 
guarantee continence. Therefore, various attempts have been made to denervate the 
bladder by surgical means after the failure of pharmacological treatment. By as early as 
1945, occasional improvement in bladder function had been observed following anterior 
sacral rhizotomy18. Since that time, many authors have claimed that they obtained good 
results in patients presenting with bladder spasticity using this technique. However, the 
long-term results have been rather disappointing14. In 1975, Torrens tried to clarify the 
specific innervation of the detrusor and urethra by performing intra-operative stimulation 
of the sacral nerve roots and recording the occurence of bladder contraction and 
sphincter activity23. 
As the 3rd and 4th sacral roots were considered to comprise the main parasympa-
thetic innervation of the detrusor, complete posterior sacral root rhizotomies were never 
performed in early selective procedures. However, since it has been found that the 
parasympathetic innervation of the detrusor, which is responsible for the hyperreflexia, 
can originate from the sacral roots S2 to S4/S5, a complete posterior rhizotomy must 
include all roots below the S, level to prevent reinnervation by the remaining parasym-
pathetic nerve fibers". No parasympathetic afferent fibers from the bladder are likely 
to occur above the S2 level as confirmed by the good and permanent results of complete 
posterior rhizotomy performed from S2 to S4/S515. Apparently, only afferent pain fibers 
and probably no important parasympathetic afférents are present in the remaining 
anterior roots after an exact intradural separation of the anterior from the posterior roots 
in animals10. However, some evidence has recently been found for the exertion of a 
parasympathetic afferent inhibitory effect on the sacral micturition center by the 
posterior roots26. After a complete sacral rhizotomy, the sympathetic influence on the 
lower urinary tract is preserved6,22. 
A complete posterior rhizotomy that includes the S4 and possibly the S5 roots and 
conserves all anterior roots from S2 to S5 is possible only via an intradural approach. 
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Extradural separation of anterior and posterior roots along with resection of the posterior 
roots and complete preservation of the anterior roots is very difficult at the S4 level due 
to the diameter of the root and is impossible at the S5 level. After a posterior rhizotomy, 
the motor neurons in the spinal cord as well as the motor nerve fibers and their 
connections with the detrusor are fully preserved. The end result of a complete posterior 
sacral rhizotomy is a bladder that is highly compliant at all volumes up to the maximal 
bladder capacity as determined by the visco-elastic properties of the detrusor. The 
original detrusor-sphincter dyssynergia is abolished and overfilling of the bladder and 
the associated autonomic dysreflexiais is prevented17. 
Preservation of the sacral parasympathetic motor (anterior) roots enables their 
electrical stimulation as well as controlled detrusor contraction. Thus, patients can 
accomplish bladder emptying at the most appropriate time based on the actual bladder 
volume. Since stimulation of these sacral roots also produces contraction of the urethral 
closure mechanism (urethral sphincter and pelvic floor muscles), the stimulation 
parameters must be adapted to overcome detrusor-sphincter dyssynergia during voiding 
and enable bladder emptying at low intravesical pressure. As the rectum is innervated 
by the same sacral roots that innervate the bladder, electrical stimulation enables 
completely unassisted defecation and reduces the total time required for evacuation of 
faeces16. In men, S2 is the main sacral root that innervates the corpora cavernosa; its 
continuous electrical stimulation provokes an erection in about 60% of men presenting 
with spinal cord injury20. 
Equipment for intradural stimulation 
Following a development period of 14 years' development in the Neurological Prostheses 
Unit in London, a serially produced anterior sacral root stimulator has been commercial-
ly available since 1986. As the Finetech-Brindley bladder controller (Finetech Ltd., 
Welwyn Garden City, Hertfordshire, UK) is driven by an external radio transmitter, 
its use does not require the implantation of a power supply (Fig.l). 
The internal equipment, or implant, consists of three parts: 
1. The electrode mounts are called "books" because of their shape, within which the 
anterior sacral roots are trapped intradurally. This electrode book consists of four 
different slots that are organised as three functionally independent so-called electrode 
mounts. The lower, smaller book is designed to contain both the left and the right S4 
anterior roots and, possibly, the S5 anterior roots together with the filum terminale. The 
upper, larger book holds the left and right S3 anterior roots together in the centre slot 
and the left and right S2 anterior roots separately in each of the two lateral slots. The 
electrode book is designed to be implanted intradurally at about the level of 
intervertebral disc L r S[ (Fig.2). However, in some patients the spinal canal may be too 
narrow for the upper book; in such cases the left outer wall of the upper book is cut 
77 
Figure 1: The internal equipment (implant) along with the electrode mounts, the cables and the 
radio-receiver block arc shown on the right. The external stimulation unit together with 
the control box and the transmitter block arc on the lefi. 
off and the S, roots on both sides are placed in one (lateral) slot. A special electrode 
book has been designed for patients who have retained pelvic pain sensitivity or who 
exhibit severe autonomic dysreflexia. In this special implant both the left and the right 
S3 and S4 roots can be placed in a separate slot, which enables independent stimulation 
of each of these roots, depending on the pain sensation and the bladder pressure. 
2. The radio-receiver block, which contains three radio receivers, is implanted subcu-
taneously in a pouch in the lower thoracic or abdominal wall. It operates by electro-
magnetic induction at frequencies of 7 and 9 MHz and requires no power supply. The 
entire receiver block is imbedded in silicone rubber to prevent corrosion of the metallic 
parts. 
3. Three silicone-coated cables form the connection between the electrode book and 
the radio-receiver block. 
Coating of the implant with gentamicin-fucidin rubber has been proved to be effective 
in preventing infection of the prosthesis'9. The implant is also equipped with a sleeve 
that enables passage of the cables through the dura mater and prevents leakage of 
cerebrospinal fluid. 
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Figure 2: Plain X-ray of the abdomen, showing the electrodes in the 
spinal canal and the cables connected with the receiver block on the 
right lower abdomen. 
The external equipment (Fig. 1) consists of a transmitter block equipped with three coils, 
which is connected via an isolated cable with the control box that contains the elec-
tronics and the rechargeable batteries. The control box generates electrical impulses that 
are transmitted to the transmitter block, which transforms the impulses into high-
frequency signals. The implanted radio receiver in turn transforms these high-frequency 
signals into electrical impulses that are transmitted to the spinal motor nerve roots. This 
enables selective stimulation of each of the anterior (motor) nerve roots from S2 to S4 /Sv 
The impuls form is rectangular, but the parameters can be set such that the current can 
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be changed from a continuous to an intertupted mode. The duration of a pulse can be 
varied from 50 to 500 microsec and the frequency of the pulses can be adapted from 
50 Hz to 8 Hz. The duration of the bursts of stimulation can vary from 0.5 to 4.5 s 
and the gap between the individual bursts of stimulation can be set between a minimun 
of 1 s and a maximum of 20 s. These stimulation parameters can be selected individ-
ually for each of the transmitters. Depending on the individual sensitivity of each sacral 
nerve root, the amplitude of the voltage provided by the external equipment can be 
changed from 0 to 40 V. After full growth of fibrous tissue, the maximum current ¡n 
each slot of the electrode book is about 40 mA. The current densities at the cathode 
are roughly 700 mA/cm2 and 300 at each anode. 
The control box enables the installation of three different programmes. Normally, 
the first programme is used for micturition; the second, for defecation; and the third, 
for erection in men and lubrification of the vagina in women. After the different 
programmes have been installed by the physician, the patient can choose between the 
three programmes. 
Surgical technique 
After careful patient selection and screening (see the article by Madersbacher in this 
issue), the patient is admitted to the hospital 3 days prior to the operation for skin and 
bowel preparation. Skin pteparation is essential since infection of the implant with 
Staphylococcus epidermidis can lead to a bacterial meningitis, which necessitates 
explantation of the prosthesis. Skin disinfection is performed twice daily as a total body 
scrub with Chlorohexidin. Shaving (if necessary) and skin disinfection with povidone-
iodine soap for 10 min is done on the day of surgery. Since many patients with spinal 
cord injuries have constipation prior to the operation, preoperative bowel preparation 
is important. This augments the comfott of patients in the postoperative period and 
facilitates the installation of a stimulation programme for defecation. An empty rectum 
is essential for a good rectal pressure recording during the perioperative stimulation of 
individual sacral roots. Moreover, any urinary tract infection should be cleared or at least 
treated prior to the operation. Parenteral antibiotics are given at 0.5 h ptior to the skin 
incision and are repeated after 6 h or on closure of the lumbar wound so as to impreg-
nate possible haematomas with a suitable serum level of antibiotics. 
Because registration of the somatomotor and visceromotor responses to stimulation 
of the sacral roots is essential during the operation, no medication that produces a 
parasympatholytic effect may be given prior to or during surgery. For the same reason, 
only short-acting muscle relaxants should be used for anaesthesia. Since stimulation of 
the posterior sacral roots may provoke a considerable increase in blood pressure, 
continuous monitoring of the arterial blood pressure is necessary. Perioperative pharma-
cological control of the blood ptessure using nitroprussite enables stabilisation of the 
mean systolic blood pressure at about 90 mmHg, which limits bleeding during the 
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operation and diminishes the danger of possible hypertensive episodes during stimula-
tion. 
The patient receives an indwelling 16-ch. Foley catheter equipped with a Y-connec-
tor, which enables perioperative filling and emptying of the bladder. A pressure-trans-
ducer catheter is inserted, with one transducer lying in the bladder. Additional pressure 
transducers in the urethra can furnish information on urethral behaviour during the 
procedure26. If no pressure-transducer catheter is available, a water manometer can be 
used to monitor the bladder pressure under stimulation. Another pressure-transducer 
catheter is inserted in the rectum for simultaneous registration of the rectal pressure. 
During positioning of the patient in ventral decubitus, meticulous care must be taken 
to protect all possible pressure points, since the operation lasts about 4 - 5 h. 
Standard instruments for a lumbar laminectomy are needed, together with two blunt 
hooks and two sharp hooks for handling and separating nerve roots. Microscissors are 
useful to cut the arachnoid sheaths of the roots. For electrical stimulation a tripolar-hook 
electrode is implemented. Special tunnelling instruments are needed for passage of the 
cables under the skin to the receiver site. Most surgeons use an operating microscope 
during separation of the anterior and posterior roots, although with some experience, 
binocular loupes are sufficient. 
A laminectomy from L3 or L4 to S2 is necessary to free about 10-12 cm dura mater. 
The interlaminar joints are spared on both sides since they are essential for the stability 
of the spine; generally, the surgeon can achieve a wide enough exposure (15 mm) 
without damaging them. The exposed dura and arachnoid are opened and the edges 
are retracted with threads. The patient is placed in Trendelenburg's position so as to 
limit cerebrospinal fluid leakage and to prevent cerebral damage at the level of the brain 
stem. 
The roots are then provisionally identified on both sides according to their size and 
localisation and are separated from each other at the arachnoidal attachment. This 
procedure starts with the S2 root and is continued downwards; if present, the S5 root, 
mostly adheres to the filum terminale. Identification of the roots is confirmed by 
stimulation of the complete root using the triple-hook nerve stimulator. For somatic 
responses, 3 pulses/s lasting 350 microsec are delivered; the stimulation threshold is 
around 2 V. For bladder responses, 30 pulses/s are delivered using 10-V stimuli to 
produce maximal pressure increase. The sacral roots can now be identified by their 
specific motor responses (toe flexion, plantar flexion, pelvic floor or anal sphincter 
contraction, activity of the gluteal muscles). An increase in bladder pressure is always 
obtainable by stimulation of S3, often occurs following S4 stimulation and can sometimes 
be obtained by stimulation of S2. On rare occasions, S5 also contains motor fibers to 
the bladder. 
When the roots have been identified on both sides, their separation into anterior 
and posterior components (deafferentation) can be started (Fig.3). The anterior roots 
are situated anteromedial to the posterior roots, and the size of the former is less than 
half that of the latter. When separation has been completed its correctness is checked 
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Figure 3: Intradural splitting or a sacral root, with the anterior part 
being held in a nerve hook. 
by electrical stimulation. When the posterior root has been identified, a posterior 
rhizotomy is performed by coagulation and resection of a segment measuring about 40 
mm in length. The S5 root usually is so small that its separation into a posterior and 
an anterior branch is impossible. A decision can be made to resect these roots or to 
crush them if bladder response is obtained. Crushing causes permanent damage to the 
posterior fibers, but the anterior fibers eventually recover, enabling their stimulation after 
a period of 6 weeks to 6 months. However, it is essential that the posterior part of the 
S5 roots be destroyed, since parasympathetic afferent reinnervation is likely to originate 
from these roots. 
After all rhizotomies have been performed, the anterior roots are placed in the appro-
priate slots of the electrode book (Fig.4), which is then closed with specially designed 
silicone roofs that are fixed with a silicone-rubber adhesive (Dow Corning 734). 
Thereafter, the sleeve (chimney) is fixed over the three cables to prevent leakage of 
cerebrospinal fluid after closure of the dura (Fig.4). This sleeve has a flange that lies 
inside the dura and enables easy closure and fixation of the dura mater with a running, 
resorbable monofilament 5-0 (PDS) suture. After closure of the dura, separate stimula-
tion via each of the cables is carried out to verify that each of the nerve roots shows a 
sufficient response. At the end of the closure of the aponeurosis, the cables are passed 
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Figure 4: Operative view, showing the anterior roots in the electrode 
mounts {upperpart) and the sleeve with the cables {lowerpart) imme-
diately prior to closure of the dura mater. 
to a lateral pocket created by a separate, small incision in the flank. Following closure 
of the skin, the patient is turned over and a subcutaneous pocket is created on the lower 
part of the thorax or on the abdominal wall. The cables are passed from the temporary 
side pocket and are connected to the radio-receiver block. The connections are sealed 
with silicone-rubber glue and the receiver is fixed subcutaneously such that no cable lies 
over a receiver. To prevent its migration, the receiver block is sewn to the deep fascia 
at two points and both incisions are closed. 
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Postoperative care and setting of the programmes 
To reduce the risk of cerebrospinal fluid leakage, it is recommended that the patient 
remain tilted at a 15° angle in Trendelenburg's position for 3 days after the operation. 
The bladder is drained through a Foley catheter. On the 3rd or 4th day after surgery, 
initial testing is performed. Postponement of this test until the 6th day or later makes 
the exact diagnosis of anterior root damage difficult, since neuropraxia may become 
evident beginning on days 6-10 postsurgery. The position of the three implanted 
receivers is verified using palpation, fluoroscopy or a grid dip meter. A test of individual 
pairs of sacral anterior roots is established by registration of the motor response on both 
the left and the right side. 
If all sacral roots are intact, a programme for micturition and defecation can be 
installed. The best means of doing so involves the introduction of microtip transducer 
catheters in both the rectum and the bladder followed by adjustment of the setting 
under pressure control. The bladder is filled to a volume of 200 ml and the responses 
are tested by placement of the transmitter over the appropriate receiver. The pulse width 
(duration of a pulse) depends on the obesity of the patient but is generally about 350 
microsec. In the majority of patients, bladder stimulation is realised by th» delivery of 
stimulation bursts of 3-s duration at intervals of about 6.5 s using a frequency of about 
26 Hz. This programme must be adapted on the basis of the urodynamic recordings 
(Table 1). Maximal intravesical pressure is obtained between bursts and minimal pressure 
occurs during bursts. The highest pressure is usually attained during the interval between 
either the third and the fourth or the fourth and the fifth burst. If the pressure is too 
low to enable correct bladder evacuation (< 50 cm H 2 0 ) , the duration of the bursts is 
augmented to 4.5 s; if the maximum pressure is too high (> 100 cm H 2 0 ) , the burst 
duration is diminished to 2 or, in some cases, 1.5 s. At the end of every trial, a pause 
lasting about 5 min is necessary to prevent detrusor fatigue. However, the intravesical 
pressures measured represent static rather than voiding pressures. 
Once the final programme has been set, the transurethral catheter is removed and 
the flow pattern is observed. Micturition should be intermittent, with the flow occurring 
during the intervals between bursts of stimulation (i.e. when the bladder pressure is high 
and the striated sphincters are relaxed). Interruption of the flow by the next stimulus 
indicates that the intervening pause is too short and must be prolonged (Table 2). An 
excessively long pause produces an inefficient detrusor stimulation and results in residual 
urine (Table 3). If all posterior roots from S2 to S4/S5 have been cut, dyssynergia does 
not occur. This can be confirmed by videocystography during stimulation-induced 
micturition (Fig.5). 
Strong stimulation of S3 or S4 usually causes a rise in rectal pressure that exhibits 
a latency of about 6 s and a duration of about 25 s. Stimulation also causes contraction 
of the anal sphincter, but this contraction displays a much shorter latency and ceases 
immediately on cessation of stimulation. After stimulation, an inhibition of the resting 
tone occurs that enables stool evacuation. Generally, a programme involving 10 s 
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Flow 
Table 1: Correct setting of the stimulation parameters resulting 
in adequate bladder pressure (/bladder) during micturition and 
intermittent flow. 
Flow 
Table 2: Sub-optimal setting of the stimulation parameters 
(pause too short), resulting in increasing bladder pressure 
(Aladdcr)· 
Flow 
Table 3: Sub-optimal setting of the stimulation parameters 
(pause too long), resulting in inefficient detrusor contractions. 
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Figure 5: Videocystography during micturition following stimulation of the sacral roots. 
continuous stimulation followed by a pause lasting 20 s is recommended, which can 
be repeated until defecation occurs. Furthermore, stimulation of the sacral anterior roots 
causes an increase in colonic activity that results in the movement of faecal material 
towards the rectum 2 7. 
Implant-driven erection can be achieved in about 6 0 % of the men by continuous 
stimulation of the S, roots for at least 3 min. In some patients, continuous stimulation 
of the S3 root can help them to achieve a sufficient erection. Implant-driven erection 
sometimes proceeds very slowly, but once an erection has been established, it remains 
constant until stimulation ceases. 
Complications 
Even when patients are kept in Trendelenburg's position, headaches can occur during 
the first few days after surgery; they are usually easily treated with analgesics and 
sufficient parenteral fluid. Some patients exhibit a temperature as high as 38.5° С up 
to 14 days after surgery; this does not represent a sign of infection and disappears 
spontaneously. Of course, infection of the implant is possible. This is a severe complica­
tion that generally necessitates explantation of the entire implant, as infection can cause 
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bacterial meningitis along with all its complications. Although a high infection rate was 
noted in a previous series of patients\ the risk has dramatically diminished since the 
introduction of gentamicine coating". If an intradural implant has to be removed 
because of infection, the secondary implantation of an extradural stimulator remains 
possible and good results can be obtained if complete sacral rhizotomies have been 
carried out8. 
Another important problem involves the risk of cerebrospinal fluid leakage. This 
complication was also a frequent problem in previous implants, mainly because of 
leakage along the cables. Since the introduction in 1980 of a sleeve for passage of the 
cables through the dura, the incidence of cerebrospinal fluid leakage has decreased 
tremendously; should it occur, it can be cured in most cases by conservative means 
(prolonged placements of patients in Trendelenburg's position). However, if re-operation 
is necessary, a secondary closure is possible and the intradural implant can remain in 
place. 
The most common complication encountered is damage to the anterior roots. Even 
if the operation seems to have gone smoothly, some anterior roots can show evidence 
of damage. Electrical stimulation is possible during the first days after the operation 
because the nerve fibres remain capable of transporting the signal caudal to the point 
of damage. Between the 4th and 7th day postsurgery, the peripheral parts of the fibres 
undergo Wallerian degeneration and are no longer capable of functioning. Recovery may 
be expected from the 6th week onwards but, depending on the degree of neuropraxia, 
can take up to 6 months. In the meantime, the patient cannot achieve bladder emptying 
via stimulation and must either carry out intermittent self-cathcterization or receive an 
indwelling catheter. However, if the posterior rhizotomies were successful, the bladder 
exhibits high compliance associated with a large functional capacity necessitating only 
three to four catheterisations per day. 
As a general rule, if all six posterior roots have been cut, reflex erection is lost, and 
stimulation-induced erections are achievable in only 60% of men undergoing this 
procedure. Therefore, men should never be given a guarantee of stimulated erections 
and must be warned that their reflex erections will be abolished. About 30% of patients 
who receive an implant notice an increase in sweating over the lower part of the body 
and/or changes that mostly involve a worsening of the lower limb reflexes; these changes 
are temporary and the old pattern usually returns within 3 months. In some tétraplégie 
patients, attempts at stimulation-induced micturition can cause autonomic dysreflexia 
that discourages them from using the implant. In cases involving an incomplete lesion, 
stimulation can be painfull; however, the pain is not usually severe enough to require 
discontinuation of stimulation. In three patients, lumbar scoliosis that was present before 
the operation worsened over a period of 4 to 10 years postsurgery without causing 
substantial inconvenience8. 
Among 320 Finetech-Brindley bladder controllers that were implanted between 
January 1982 and April 1990, 39 represented implant failures, resulting in an overall 
rate of 39 failures in 700 implant-years (1 failure/18 implant-years). The failure rate was 
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lower for recent implants than for older devices due to technical improvements. Further-
more, all but two of the failures diagnosed up to April 1990 were reparable. In two cases 
that represented irreparable failures, an extradural stimulator was successfully implanted8. 
Conclusions 
The implantation of an intradural anterior sacral root stimulator in combination with 
a complete posterior sacral root rhizotomy from S2 to S4/S5 provides an effective 
modality for the treatment of the hyperreflex bladder in patients presenting with spinal 
cord injury. The Finetech-Brindley bladder controller is a safe and reliable implant for 
electrostimulation of the anterior sacral roots that is sufficient to induce bladder 
emptying, leaving only minimal (if any) residual urine, as well as rectal evacuation at 
appropriate moments7. However, some technical improvements are needed to overcome 
the problems of pain in patients who have retained pain sensation and to enable better 
handling of the external equipment by the handicapped individual. 
The intradural approach seems to be essential for a complete and necessary posterior 
sacral root rhizotomy. It constitutes a rather complicated procedure that should be 
limited to centers that specialise in the diagnosis and treatment of neurogenic bladder 
dysfunction and that can perform the operation on a regular basis. Since the neuro-
urological care of patients exhibiting spinal cord injuries is carried out by urologists, 
these specialists must play an important role in the further exploration of this technique 
in close cooperation with interested neurosurgeons. 
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Abstract 
Deafferentation and stimulation of sacral nerves in patients with complete spinal cord 
lesions is a good model to study the parasympathetic influence on urethral behavior. 
During intradural sacral deafferentation from S2 to S4/S5 in preparation for implantation 
of the Finetech-Brindlcy anterior sacral root stimulator, sacral roots were stimulated with 
3 and 30 Hz and with 3 and 10 V and the bladder and urethral responses noted. 
Stimulation of the posterior roots at 3 Hz gives a urethral relaxation without bladder 
contraction. At this frequency, anterior sacral root stimulation has no effect on bladder 
nor urethral pressure. Stimulation of the anterior roots at 30 Hz produces simultaneous 
bladder contraction and urethral relaxation. These findings support the presence of an 
afferent parasympathetic inhibitory mechanism in the spinal micturition center in the 
human. 
Introduction 
The exact neurophysiological mechanism of urethral function as well as urethral behavior 
during micturition is still a point of discussion in the literature1,2. However, recent 
advanced urodynamic techniques permitted to demonstrate the role of urethral pressure 
variations in female incontinence3. Histochemical analysis has revealed the extreme 
complexity of the peripheral neuromuscular organization. Since electrical stimulation 
of sacral roots is used to evoke bladder contraction, the effect of stimulation on the 
urethra is very important to obtain a physiological micturition. Therefore, previous 
attempts have been made to elucidate these mechanisms by means of electrical stimula-
tion of the sacral roots before and after rhizotomy. In 1978, McGuire4 described a 
decrease in urethral pressure by electrical stimulation of sacral roots in the cat. The same 
effect was seen after section of the roots and stimulation of the distal ends. Since this 
effect was abolished by propanolol and not by hypogastric nerve transsection, a parasym-
pathetic modulation of the urethral adrenoreceptor activity was presumed. However, 
since sympathetic innervation of the cat urethra is different from that of the human5, 
extrapolation of these results is controversial. Torrens6 performed measurements after 
surgical sacral rhizotomies in 10 females. After stimulation of the intact sacral root S3, 
he found a short urethral pressure rise followed by a long-lasting pressure decrease. The 
effect was unchanged by section and stimulation of the distal stump. Stimulation of the 
proximal stump had only minor effects. Torrens6 suggests an efferent nerve-mediated 
urethral relaxation by specific inhibitory fibres in the sacral nerves. 
In order to confirm or to reject these previous findings, we performed urethral and 
bladder pressure measurements during sacral root stimulation prior to implantation of 
a Finetech-Brindley anterior sacral root stimulator. 
Patients and Methods 
Urethral spincteric responses to sacral root stimulation were tested in 5 patients with 
complete spinal cord injury (4 females, 1 male) that were candidates for an intradural 
Finetech-Brindley anterior sacral root stimulator. Preoperative neurophysiological and 
urodynamic investigation confirmed a complete motoric and sensory spinal cord lesion 
and an intact spinal reflex arc at the sacral level. After lumbosacral laminectomy from 
I*) to S2/S,, the dura mater was opened and the sacral roots S2, S3, S4 and eventually 
S5 were identified by their specific motoric answer. These sacral roots were stimulated 
with a bipolar hooked nerve stimulator using 0.35 ms square wave pulses at 3 and 30 
Hz and with 3 and 10 V. Pressures were measured with a microtip-pressure transducer 
catheter (Honeywell) with 1 transducer in the bladder and 3 sensors in the urethra. The 
urethral transducer in the middle is positioned at the point of maximal urethral pressure 
and the other two at 6.5 mm proximal and distal. This catheter is anchored to a 12-fr 
Foley catheter with the balloon inflated at 5 cm3 in order to prohibit expelling of the 
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catheters during voiding and to minimalize movement artifacts. Stimulations were 
performed with the bladder filled with 200 cm3 isotonic saline at body temperature. After 
measurement of stimulation of the intact roots the anterior and posterior fibres were 
carefully separated under magnification. Separate stimulation of the anterior and posterior 
roots was then performed and the urethral and bladder answers were noted. After section 
of the posterior roots (rhizotomy), both proximal and distal ends were stimulated. 
Results 
Since stimulation and registration during the operation is time-consuming, stimulations 
as mentioned above were not performed on all sacral roots but at least on one side at 
each sacral level in all patients. Furthermore, we never found an important difference 
between left and right sacral root at the same level. Stimulation of the intact posterior 
root S3 with 3 Hz and 10 V produces a sudden pressure drop in the urethra up to a 
maximum of 60 cm H 2 0 . For the S4 posterior roots (Fig. 1), the maximum urethral 
pressure decrease was 20 cm H 2 0 . This finding was reproducible and was present in 
all patients. N o effect was seen with stimulation of posterior roots at 30 Hz and 10 V 
























Figure 1: Bladder and urethral pressure changes 
during stimulation of the posterior root S4 at 
3 Hz and 10 V. 
Urethra 3 
Pressure 
Figure 2: Stimulation of the posterior root S4 
at 30 Hz and 10 V. Neither urethral nor blad­
der pressure change is recorded. 
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pressure at a lower level with a maximum decrease of 20% of the maximal urethral 
closure pressure. Stimulation of the anterior roots S3 and S4 with 30 Hz and 10 V (Fig. 
3) gives first a small urethral peak produced by patient movement artifact trough the 
motoric answer followed by an immediate and pronounced urethral pressure drop with 
a maximum of 20 cm H 2 0 . Thereafter, urethral pressure rises again mostly at the 
moment of maximum detrusor pressure. Also, stimulation of the S2 anterior root without 
any detrusor contraction produces a pressure drop in the urethra followed by a pressure 
increase. Stimulation of anterior roots with 3 Hz after section of the corresponding 
posterior root produces only a low-pressure detrusor contraction and has no recordable 
effect on urethral behavior. However, stimulation of the proximal end of the cutted 
posterior root at 3 Hz and 10 V had a similar effect on the urethra as stimulation of 
the intact root in 2 patients. These findings confirm non-published data of Nordling7. 
We could not reproduce the voltage-dependent urethral response as observed by 













Figure 3: Typical bladder and urethral responses after stimulation 
of an anterior root S> ac 30 Hz and 10 V. 
Urethral relaxation in man is still commonly considered as a result of inhibition of 
voluntary external sphincteric tone8. However, active urethral relaxation was already 
suggested in the cat in 19149. 
The presence of reproducible urethral relaxation in the human after posterior root 
stimulation and the absence of this phenomenon after section of the posterior roots and 
stimulation of the anterior roots gives evidence of an afferent parasympathetic inhibitory 
mechanism of urethral behavior. Similar experiments in baboons10 showed a urethral 
relaxation on sacral nerve stimulation after section of the pudendal nerves, suggesting 
a parasympathetic effect mediated by the pelvic nerves. The current measurements show 
that urethral relaxation is induced by peripheral parasympathetic nerves and is indepen-
dent of detrusor contraction and thus not a vesicourethral reflex but a seperate 
neurophysiological mechanism.This phenomenon of a peripherally integrated relaxation 
was previously described in the cat" but seems to be present in the human as well. 
Advanced urodynamic techniques can demonstrate the clinical significance of sponta-
neous urethral relaxation3. The pathophysiology of the unstable urethra can be explained, 
based on the current experiments, by active urethral relaxation mediated peripherally 
by parasympathetic fibres. 
Conclusion 
Since urethral problems can play a major role in incontinence and micturition disorders, 
better knowledge of urethral physiology seems important. The human with complete 
spinal cord injury submitted to sacral rhizotomies is a good model to study the afferent 
and efferent role of the parasympathetic system in the urethra by means of electrical 
stimulation of different sacral roots before and after deafferentation. In this study, 
evidence is given for a parasympathetic afferent inhibitory mechanism of the urethra. 
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CHAPTER 8 
Urodynamic evaluation before and after intradural 
posterior sacral rhizotomies and implantation of the 
Finetech-Brindley anterior sacral root stimulator 
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Abstract 
The urodynamic evaluation plays an important role in the screening and selection for 
intradural sacral rhizotomies and implantation of an anterior sacral root stimulator in 
patients with a spinal cord injury. 
The cystometry must confirm the presence of reflex detrusor activity indicating an 
intact reflex arc that permits electrical stimulation. The maximal pre-operative cysto-
metric capacity determination is necessary to guarantee sufficient bladder capacity to 
exclude severe fibrosis of the bladder wall. Measurement of the urethral closure function 
is important as a prognostic factor for continence after the rhizotomies. 
Postoperative urodynamics are necessary to control the change in capacity and 
compliance of the bladder after the rhizotomies and to prove the disappearance of reflex 
detrusor activity. The postoperative setting of the stimulation programmes must be done 
under urodynamic control to obtain the ideal stimulation pattern. 
In our own series of 21 patients in which a Finetech-Brindley stimulator was 
implanted after sacral rhizotomies from S2 to S4/S5, we performed a detailed urodynamic 
study on 13 patients with a minimal follow-up of 8 months. All patients presented an 
increase in the maximal cystometric capacity and in the compliance of the bladder. 
Evacuation of urine with electrostimulation was realised with physiologic intravesical 
pressures with a significant decrease of the residual urine. Urethral closure function was 
not deteriorated by the posterior rhizotomies and clinically all patients are continent. 
This urodynamic study proves that intradural posterior sacral root rhizotomies and 
implantation of the Finetech-Brindley anterior sacral root stimulator can ameliorate the 
storing and voiding function of the bladder. Furthermore the urodynamic data indicate 
that the risk factors for the upper urinary tract damage are eliminated. 
Introduction 
Reflex micturition in patients with a spinal cord injury is a possible cause for important 
medical problems. The evacuation of urine often is not complete, leaving variable 
amounts of residual urine with the risk of urinary tract infection. The occurrence of 
spontaneous episodes of detrusor hyperreflexia in between the triggered micturitions can 
be responsible for severe incontinence. Detrusor hyperreflexia is accompanied in some 
patients with a high outflow resistance. The detrusor-sphincter dyssynergia is responsible 
for high intravesical pressures with secondary deterioration of the lower and eventually 
the upper urinary tract. The compliance of the bladder can also decrease and result in 
reflux or hydronephrosis with possible kidney function deterioration'. 
Furthermore, in some patients it is difficult or impossible to trigger the bladder artifi-
cially and these patients depend on clean intermittent (selfjcatheterisation for evacuation 
of urine. 
Classical treatments (medication, surgery) are not always successful in the relief of the 
urological problems in spinal cord injury patients and often have important side effects 
or permanent mutilating consequences. Therefore, animal experiments to develop devices 
to improve emptying of the bladder and thus reduce the related complications started 
already in the early sixties2,3. In 1969 Brindley did the first animal experiments with 
intradural stimulation of the sacral anterior roots and achieved an implant-driven 
micturition in normal and paraplegic baboons in 19714. The first successful implantation 
of an anterior sacral root stimulator in a patient was performed in 19785. In 1986 the 
results of the first 50 implantations were reported6. In order to ameliorate the storing 
capacity of the bladder, the implantation of an anterior sacral root stimulator was 
systematically combined with intradural sacral rhizotomies from S2 to S4/S5 since 19867. 
The surgical technique is now well standardised and can be performed with a low risk 
of complications8. Up to december 1991 about 450 implantations have been performed 
worldwide. 
Follow-up reports have proven the possible benefits and advantages of the combined 
technique9,10. The incidence of urinary tract complications is decreased due to amelior-
ation of bladder emptying together with the restoration of continence in the majority 
of the patients. Additional benefits can be the improvement in bowel function and 
erection on demand in the male patients. 
Although a growing number of articles reports on the clinical outcome after intradu-
ral sacral rhizotomies and implantation of an anterior sacral root stimulator, few authors 
performed detailed prospective urodynamic studies. The first urodynamic observation 
on patients with sacral anterior root stimulators however was already made in 1984". 
The urodynamic changes produced by sacral anterior root stimulators were assessed in 
13 patients with spinal injuries. Not all patients in this series underwent sacral 
rhizotomies. Another more recent article reports on urinary continence after this 
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procedure and reviews the change in functional bladder capacity following complete 
sacral deafferentation12. 
Hence, there is a need for well documented and detailed urodynamic data on 
patients submitted to sacral rhizotomies and anterior sacral root stimulation. 
Urodynamics play an important role in the evaluation as well before as after intradural 
sacral rhizotomies and implantation of an Finctech-Brindley anterior sacral root 
stimulator. 
In the selection and screening of a patient with a spinal cord injury a thorough 
urodynamic evaluation is necessary. For a good result with this operative treatment it 
is essential that the sacral efferent innervation to the detrusor is intact and that the sacral 
motor neurons are not damaged. The demonstration of reflex detrusor contractions 
during the cystometry indicates an intact reflex arc. In some patients however, detrusor 
hyperreflexia may not occur during routine cystometry. This can be due to the fact that 
the stimuli are too weak to induce a detrusor contraction. Rapid fill cystometry (> 100 
ml/min) eventually with ice water may reveal sufficient detrusor contraction. An increase 
of the detrusor pressure of at least 35 cm H 2 0 in the female and of 50 cm H 2 0 in the 
male is necessary to guarantee efficient evacuation of urine after electrostimulation 
(Brindley, personal communication). If even after provocative cystometry the reaction 
of the detrusor is insufficient, the detrusor reaction must be checked with a cystometry 
during direct stimulation of the sacral nerves. This can be done by transrectal stimula-
tion with the Andrew electroejaculation equipment13 or by percutaneous transsacral 
electrostimulation using an electrode placed in the sacral foramen of S314. An increase 
in pressure by 25 H 2 0 from each pelvic splanchnic nerve or sacral root in a woman 
or 40 cm H 2 0 in a man is sufficient (Brindley, personal communication). 
A detrusor reaction will also be registered after stimulation, if damage to the afferent 
pathways is present but with intact efferent pathways. The absence of a detrusor 
contraction after electrical stimulation indicates damage to the efferent detrusor motor 
neurons or detrusor acontractility due to long-standing chronic overdistention and 
recurrent urinary tract infections. In case of detrusor acontractility or damage to the 
efferent sacral innervation of the detrusor, the patient is not a candidate for electro-
stimulation of the sacral roots. 
If there is any doubt on the presence of fibrosis of the bladder wall, the urodynamic 
evaluation can give valuable information. During slow fill cystometry (up to 10 ml/min) 
with water at body temperature a minimal bladder capacity of 200 ml should be reached 
in order to exclude severe fibrosis. Below this capacity the risk of a poor result of the 
rhizotomies is present. If the maximal bladder capacity remains low, even under 
anticholinergic medication, the bladder capacity should be checked under anaesthesia 
and maximal relaxation. 
Since one of the purposes of sacral rhizotomies is to restore continence, it is import-
ant in the pre-operative screening to evaluate the urethral closure function. It has been 
advocated that a complete sacral posterior rhizotomy could have an adverse effect on 
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the urethral closure function15. However the clinical experience has proven that inconti-
nence is abolished in the majority of the patients after complete rhizotomies from S2 
to S4/S59. Furthermore clinical experimental data indicate that the posterior rhizotomies 
can abolish urethral instability as a cause for incontinence in patients with a spinal cord 
injury16. However, if the bladder neck is open pre-operatively or if the urethral closure 
mechanism has been damaged by sphincterotomy for example, continence can not be 
guaranteed12. Therefore, a careful analysis of the urethral closure function gives im-
portant information on the outcome of the procedure. 
Urodynamics play also an important role in the evaluation after the operation. Already 
in the first days after the operation cystometry can give an indication of the change in 
maximal functional bladder capacity and of the disappearance of the spontaneous activity 
of the detrusor. Both parameters give a good indication on the completeness of the 
rhizotomies. A change in the compliance can already be expected immediately after 
surgery although the compliance can ameliorate during the first weeks after the opera-
tion. 
Urodynamic control is an essential part of the postoperative setting of the stimulation 
programmes. In an ideal stimulation programme the maximal intravesical pressure is 
obtained between the bursts of stimulation and the minimal pressure during the bursts. 
If the pause between the burst are too short an increase in the bladder pressure will be 
the result, reaching pressure levels at which reflux and damage of the bladder can occur. 
If the pause is too long an inefficient detrusor contraction will be the cause of incom-
plete bladder emptying. 
In order to study the role of pre-operative urodynamic screening and the effect of 
intradural sacral rhizotomies and implantation of the Finetech-Brindley anterior sacral 
root stimulator we performed a detailed urodynamic analysis in all patients that were 
candidate for this method. 
Patients and methods 
Between January 1989 and March 1992, 21 patients underwent intradural sacral 
rhizotomies from S2 to S4/S5 and simultaneous implantation of a Finetech-Brindley 
anterior sacral root stimulator. The present article presents the urodynamic findings on 
the first thirteen patients with a minimal follow-up of 8 months. For this group, the 
mean follow-up is 17,9 months with a maximum follow-up of 37 months. The mean 
age at operation was 31,8 year (17 y-46 y) and the mean duration of spinal cord injury 
was 5 years and 9 months (11 m-19 y). There were 9 female and 4 male patients. 3 
patients had a cervical injury and 10 presented with a thoracic lesion. In 12 patients 
the spinal cord injury was complete and in 1 patient incomplete. In all patients the 
procedure was successful and stimulation of the detrusor was possible. In one patient 
(number 1) a neuropraxia with loss of responses to stimulation persisted for six months 
103 
after the procedure. He recovered completely and stimulation with complete emptying 
of the bladder is possible without any problems. In another patient (number 12) the 
implant had to be removed three months after surgery because of a Staphylococcus 
infection. However stimulation of the bladder was possible till the removal of the 
prosthesis. 
The individual data of the patients are summarised in Table 1. 
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'On 11/09/1991 implant has been removed. 
During pre-operative urodynamics the bladder was first filled with water at body 
temperature at a filling rate of 10 ml per minute to determine the maximal cystometric 
capacity. In some patients even under these circumstances reflex contractions prevented 
further filling. However the maximal cystometric capacity corresponds with the indicated 
maximal capacity at home in most patients. 
Postoperative controls of the maximal cystometric capacity were performed under 
the same circumstances as before the operation. 
The compliance was measured for the maximal pre-operative cystometric capacity. 
Post-operatively the compliance was calculated at the same capacity as the maximal pre­
operative cystometric capacity and at 500 ml. In most patients it was possible to fill the 
bladder up to more than 500 ml without significant intravesical pressure increase. Many 
of these patients moreover present sometimes with natural filling at home much larger 
capacities (up to more than 1000 ml). However during urodynamic investigation the 
filling is stopped when some indication of pressure increase is found above 500 ml since 
overdistention of the bladder can possibly cause irreversible damage. This maximum 
urodynamic volume is considered as the maximal post-operative cystometric capacity. 
The compliance at the maximal postoperative cystometric capacity is also measured. 
During the pre-operative urodynamic screening the patient is asked to empty the 
bladder in the normal fashion (mostly suprapubic percussion sometimes in combination 
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with straining). The maximal intravesical pressure is registered and the post-evacuation 
residual urine is measured. After the operation the maximal intravesical pressure is 
recorded during stimulation and controlled every three months to detect a changing 
pattern. Up to now we never found a significant change, once the definitive stimulation 
programme was installed. The highest intravesical pressure is usually attained during the 
interval between either the third and the fourth or the fourth and the fifth burst of 
stimulation. 
As an addition we measured also the maximal urethral closure pressure before and 
after the operation. The mean of three consecutive measurements was taken as the 
reference value to control the effect of the rhizotomies on the urethral closure function. 
Leak point pressures are difficult to measure before the operation since most patients 
present important reflex contractions of the detrusor. Therefore, we limited the control 
of the urethral closure function to a comparison of the maximal urethral closure 
pressure. 
Results 
For a complete analysis of the results of this method the urodynamic evaluation must 
be correlated to the clinical outcome. The urodynamic results can differ from the clinical 
results since the variable diuresis of the patients in their situation at home must be taken 
into account. The wheelchair bound position and the physical efforts for the transfers 
from the wheelchair to the toilet are another factor that can influence the behaviour of 
the lower urinary tract in spinal cord injury patients and thus the effect of the method. 
The urodynamic results are summarised in Table 2. 
Table 2: Urodynamic data before and after sacral rhizotomies and implantation of a Finetech-Bnndley 
stimulator in 13 patients with a spinal cord injury. 
M C C pre-op 
MCC post-op 
С at MCC pre-op 
Cf°*"' at cap MCC pre-op 
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Maximal bladder capacity 
The pre-operative mean maximal cystometric capacity without any medication was 240 
ml (50-420). In one patient (number 5) the pre-operative maximal cystometric capacity 
increased from 50 ml to 120 ml under anaesthesia. This was considered a reliable proof 
to exclude severe fibrosis of the bladder that could prohibit significant increase with the 
rhizotomies. After the operation the mean capacity rose to 572 ml (250-750). This was 
a statistical significant increase (p < 0.001 Student's one sample test) for the whole 
group (Figure 1). 
In only one patient (number 11) the postoperative maximal cystometric capacity was 
less than 500 ml. In all the other patients however the individual increase in bladder 
capacity is evident (Figure 2). This reflects even better the benefits of the procedure 
since for most patients four stimulations a day are sufficient for complete evacuation. 
This means a clear amelioration in their quality of life and an important gain in time. 
Compliance 
A comparison of the compliance before and after the operation is difficult since the 
compliance is volume dependent. The mean postoperative compliance at the maximal 
cystometric capacity was 52 ml/cm H 2 0 (10-70). Only in one patient (number 13) the 
compliance at maximal capacity was lower dan 25 ml/cm H 2 0 . His maximal bladder 
capacity is only 250 ml probably due to fibrosis after recurrent infections prior to the 
surgery. In all other patients the compliance at 500 ml is at least 50 ml/cm H 2 0. 
For a correct analysis of the change in compliance by the rhizotomies, the com-
pliance at the maximal cystometric capacity before the operation was compared with 
the compliance at the same volume after the operation (Figure 3). The mean pre-
operative compliance was 8,15 ml/cm H 2 0 (1-15). The compliance increased for the 
same volumes to 53 ml/cm H 2 0 (10-84). This was also statistically significant. 
Since the decrease of the bladder compliance is one of the main reasons for deteriora-
tion of the function of the lower urinary tract and eventually can be responsible for 
higher urinary tract problems, these data give an indication of the possible kidney 
function preserving role of the rhizotomies. Two patients (number 8 and 13) indeed 
presented with upper tract dilatation which resolved within six months after the 
operation. However, long-term follow-up must confirm the persistence of this effect. 
Intravesical pressure at evacuation 
In all patients it was possible to initiate a detrusor contraction with electrostimulation. 
In 9 patients both left and right S3 and S4 roots were used and in the other 4 patients 
only both left and right S4 roots. 
The maximum intravesical pressure during evacuation is dependent of the program-
ming of the stimulation parameters. The ideal programme permits complete emptying 
of the bladder with the lowest intravesical pressure in 5 to 6 stimulation bursts. 
The mean maximal intravesical pressure with suprapubic tapping was 109 cm H 2 0 
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Figure 1: The evolution of the maximal cystometric capa­
city. 
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Figure 3: The evolution of the compliance at maximal 
cystometric capacity. 
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120). No single patient needed a pressure of more than 120 cm H 2 0 to empty the 
bladder completely (Figure 4). 
There is only a trend towards a lower pressure after the operation for the whole 
group but in individual patients the difference is quite remarkable (Figure 5). 
Residual urine 
In all patients there was a dear reduction in the amount of residual urine as well for 
those presenting detrusor-sphincter dyssynergia before the operation as for those who 
had a synergic evacuation with abdominal percussion. In 12 patients the residual urine 
after stimulation is always less than 50 ml. This results in a clear reduction in the 
incidence of urinary tract infections. In one patients (number 11) residual urine up to 
80 ml can be present probably due to early fatigue of the detrusor after stimulation. The 
ρ - 0 IB SliKtant'B one sample lesi 
Figure 4: The evolution of the maximal intravesical pres­
sure during evacuation of urine. 
ρ ^ 0 18 Sludem's one Gample tesi 
Figure 5: The individual change of the maximal intravesi­
cal pressure during evacuation of urine. 
mean pre-operative residual was 124 ml (0-320) and postoperative 32 ml (0-80) 
(Figure 6). 
In individual patients the amelioration is more evident in those patients who had 
a dyssynergic micturition before the operation (Figure 7). 
The amount of residual urine is also dependent on the number of stimulation bursts. 
Patients are advised to stimulate till no urine is evacuated anymore. However depending 
on the amount of urine in the bladder and also depending on the individual characteris­
tics of the lower urinary tract a variable number of bursts can be necessary. If volumes 
over 700 ml are present a pause of 5 min between two periods of bursts can be neces­
sary since some weakness of the detrusor with decreasing intravesical pressure appears 
after about 7 contractions episodes. 
Figure 6: The evolution of the residual urine. 
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Figure 7: The individual change of the residual urine. 
Urethral closure function 
The data on urethral closure function in 9 female patients were analyzed. In one patient 
the pre-operative measurements were not reliable since high pressure detrusor contrac­
tions prohibited reproducible figures before the operation. For the other 8 patients the 
mean maximal urethral closure pressure before the operation was 37,7 cm H 2 0 (40 cm 
H2O-100 cm H 2 0) and after the operation 49,7 cm H 2 0 (56 cm H20-115 cm H 2 0) 
(Figure 8). There was no statistical significant difference between these measurements 
(p = 0.07). The trend is more towards an increase and all patients are fully continent 
at the maximal cystometric capacity as well in rest as under physical stress. One patient 
(number 6) has a decreasing compliance above 650 ml of filling and an overflowinconti-
nence appears at 700 ml. 6 patients could experience that they were still continent at 
volumes of more than 1000 ml. 2 of these patients however had a stress incontinence 
at 1200 ml with leakage of a small amount of urine. We never tried to confirm this 
with urodynamic testing. 
ι QJ posl-o ρ = 0 07 Sludenl s one sample tesi 
Figure 8: The individual change of the maximal urethral 
pressure in 8 female patients. 
Discussion 
Detailed urodynamic evaluation of patients who underwent posterior sacral rhizotomies 
and implantation of the Finetech-Brindley anterior sacral root stimulator shows that an 
evident change in the storing and evacuation capacity of the lower urinary tract can be 
obtained in selected patients with a spinal cord injury. The most important effects of 
the rhizotomies are the increase of the maximal bladder capacity as well as the relief of 
detrusor hyperreflexia. These effects seem to be permanent even with a follow-up of 
more than 6 months. This is different from the literature17 since recurrence of reflex 
activity of the detrusor should be expected after 6 months. A possible explanation of 
the persisting effects of the rhizotomies from S2 to S4/S5 is the systematic inclusion of 
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the S2 roots even if no bladder reaction is encountered in these roots during the 
operation. If the S2 roots are not included in the rhizotomies they can be a possible 
cause for recurrent reflex pathways from the bladder. From more proximal segments 
reinnervation never has been described1". However after rhizotomies at the S2 level reflex 
erections are lost in the male. This can be an inconvenience in some males since 
stimulated erections are only possible in about 50% of the patients. The risk of recurrent 
reflex activity of the detrusor in case of preservation of the S2 roots is in our view a 
major reason for systematic rhizotomies up to the S2 level prior to implantation of a 
sacral root stimulator. The amelioration of the compliance of the bladder indicates that 
an important risk factor for upper urinary tract problems is eliminated. Clinical results 
so far seem to confirm the beneficial effects on upper urinary tract function which 
represents a major contribution to the decrease of the morbidity in spinal cord injury. 
The clinical as well as the urodynamic results indicate that continence can be 
achieved. No decrease in the urethral closure function is found after the rhizotomies 
and reflex detrusor activity is completely abolished. Especially in the female continence 
is one of the major achievements of this method. Furthermore the increase in bladder 
capacity reduces the number of evacuation periods per day which means a considerable 
gain in time in comparison with the suprapubic percussion every three hours which 
most patients used before the operation. 
Evacuation of urine with electrostimulation of the sacral roots is possible with 
physiologic intravesical pressures. The post-stimulation voiding is not responsible for 
an intermittent increase of the detrusor pressure. Based on these urodynamic data no 
deterioration of the lower urinary tract nor upper urinary tract problems should be 
induced by electrostimulation of the anterior sacral roots with the Finetech-Brindley 
stimulator. 
The decrease of residual urine with reduced risk of urinary tract infection together 
with the amelioration of the compliance of the bladder are major achievements since 
it limits the risk for lower and upper urinary tract damage. 
This procedure brings up a definite amelioration in the quality of life of these handi-
capped people with a limited morbidity and a low risk of complications. 
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CHAPTER 9 
Results of the treatment of neurogenic bladder 
dysfunction in spinal cord injury by sacral posterior root 
rhizotomy and anterior sacral root stimulation 
PH.E.V. VAN KERREBROECK, E.L. KOLDEWIJN, P. ROSIER, H. WIJKSTRA, 
F.M.J. DEBRUYNE 
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Abstract 
During the last 4 years, 35 patients with cervical or thoracic spinal cord lesions and 
urologica! problems due to reflex activity of the bladder underwent complete posterior 
sacral root rhizotomies and implantation of a Finetech-Brindley sacral anterior root 
stimulator. All patients were carefully screened and followed with a strict protocol in 
order to review the results of this technique. A minimal follow-up of 6 months is 
present in 28 patients. Excellent results in regaining continence were obtained and 
significant increases in bladder capacity could be achieved. Residual urine was reduced 
resulting in a decrease of the incidence of urinary tract infections. In 2 patients upper 
tract dilatation resolved with this treatment. 
The root stimulation can also be used to control defecation and to induce penile 
erection. 
No major complications occurred although in three patients rhizotomy was incom-
plete and higher sectioning of the roots was necessary. One implant had to be removed 
because of an implant infection. 
114 
Introduction 
Neurogenic bladder dysfunction due to spinal cord injury is responsible for important 
morbidity18,26. In patients with a complete spinal cord injury at a level which leaves the 
sacral segments intact, detrusor hyperreflexia develops after a phase of spinal shock19. 
Uncontrollable detrusor contractions lead to a reduced functional capacity of the bladder 
and severe incontinence can occur. Especially in females with detrusor hyperreflexia, 
urinary incontinence is a major problem. Anticholinergic therapy with or without 
intermittent catheterisation is the usual treatment but is often inadequate in these 
patients with a severely spastic bladder20. Full continence however is important, since 
treatment with protective materials is problematic because of the wheelchair-bound 
situation2. 
High pressure bladder contractions can produce secondary changes in the detrusor 
muscle and the low volume, high pressure bladder reservoir may cause decompensation 
of the upper urinary tract. Some patients present early with evidence of renal compro-
mise3. Vesico-ureteral reflux can occur and can be responsible, possibly in combination 
with infections, for upper urinary tract changes8. Due to the overactivity of the bladder, 
detrusor hypertrophy may develop and can cause obstruction at the level of the uretero-
vesical junction with hydronephrosis as a consequence. The anatomical changes especially 
in combination with recurrent urinary tract infections can cause loss of essential kidney 
function'. 
Furthermore if detrusor-sphincter dyssynergia is present, this can cause inefficient 
evacuation of urine with large residuals and this predisposes to recurrent urinary tract 
infection'. The inefficient evacuation of urine often leads to the need for intermittent 
catheterisation especially in males". Patients with cervical lesions and paralysis of the 
upper limbs therefore can become dependent of intensive care by other persons. 
Persistent infections with large residuals may cause bladder stones and lower urinary 
tract infections, together with the anatomical changes of the urinary tract, can lead to 
pyelonephritis4. 
Patients with cervical spinal cord lesions may develop severe autonomic dysreflexia 
on bladder filling22. This condition is difficult to treat and is another reason for import-
ant morbidity in patients with a cervical cord lesion. 
Intensive conservative treatment and surgical treatment modalities such as a 
sphincterotomy are not always successful in reducing urological morbidity in patients 
with a spinal cord injury10 and even with careful follow-up morbidity occurs23. 
Electrical stimulation of the bladder as a means to overcome these problems has 
therefore generated a great deal of interest in the treatment of neurogenic bladder 
dysfunction after spinal cord injury. 
The Finetech-Brindley bladder controller (Finetech Ltd., Welwyn Garden Ciry, 
Hertfordshire, England) is an implant for stimulation of the sacral anterior roots5. The 
first sacral anterior root stimulator of this type was implanted in a patient in 1978. Since 
then the implantable elements (electrodes and receiver) have been modified but the 
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actual design is available since 1984. The surgical technique as well has been modified 
over the years and most recently the combination of sacral anterior root stimulation with 
complete posterior sacral root rhizotomies has been introduced in order to abolish all 
reflex activity of the detrusor16. Preliminary results with this combined technique suggest 
better clinical results than earlier series14. Sacral rhizotomy for bladder spasticity was 
performed 30 years ago but lost popularity because of the unpredictable results. With 
better knowledge of the neuro-anatomy of the sacral roots and the innervation of the 
lower urinary tract, posterior sacral root rhizotomies have gained a new popularity, with 
promising urodynamic and clinical results25. The possibilities of neural stimulation of 
the anterior sacral roots after selective posterior rhizotomies makes inhibition of detrusor 
hyperactivity in combination with electronic manipulation of the bladder for evacuation 
of urine, possible. With the combined technique the whole micturition cycle can be 
restored. 
The technique of posterior sacral root rhizotomies in combination with implantation 
of the Finetech-Brindley sacral anterior root stimulator has been standardised24, but so 
far only small scries with limited follow-up results have been published. 
We present our results with this combined technique in patients with spinal cord 
injury who have been screened and followed according to a strict protocol. 
Patients and methods 
From January 1989 to May 1993, 35 patients with a spinal cord injury and severe 
dysfunction of the lower urinary tract underwent intradural sacral posterior root 
rhizotomies and implantation of a Finetech-Brindley anterior sacral root stimulator. An 
overview of all patients with details of the lesions and duration of the disability are listed 
in Table I. 
The stimulator was implanted in 20 male and 15 female patients. At the onset of 
the stimulation program the majority of possible candidates were female with severe 
incontinence. After initial good results, more male patients with a spinal cord injury 
became interested in this form treatment. The minimal age at the time of the operation 
was 16 year in females and 17 in males. The maximum age in females was 44 year and 
57 year in males. The mean age for the whole group was 32.4 years. The mean age for 
females was 27 years but 36,5 for the males. 
The cause of the spinal cord lesion was traumatic in 33 patients. Only 1 patient with 
a vascular accident and a proven complete spinal cord lesion was, after full evaluation, 
considered a good candidate. One female patient had a complete spinal cord lesion since 
birth and requested posterior sacral root rhizotomies and implantation of a bladder 
stimulator at the age of 17 because of severe incontinence. The neurological situation 
of the patient must be stabilised and preferably patients must have regained a stable 
personal situation so that we consider a period of 1 year after the injury as a minimal 
condition before implantation can be considered. An exception to this was a female 
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patient who was operated 9 months after a complete T 4 lesion by an open spinal wound. 
There was no possibility of recovery and she suffered from severe incontinence even with 
an indwelling catheter. 
The maximum duration of the spinal cord lesion was 22.5 years and the mean for 
the whole group was 5.75 years at operation. The mean period between the injury and 
the operation was 5.5 year in females and 5.9 year in males. 
A minimal follow-up of 6 months was available in 28 of the total number of 35 
patients. So far, no important changes in bladder behaviour nor in the effectiveness of 
bladder stimulation occurred after a period of more than 6 months. The maximum 
follow-up was 52 months and the mean follow-up in the group of 28 patients with a 
minimal follow-up of 6 months was 22.2 months. 
Different levels of spinal cord lesion were represented. In 7 patients the lowest 
clinical level of the lesion was cervical. Autonomic dysreflexia was present in 4 of these 
patients. In total 10 patients had a thoracic lesion above T6. A thoracic lesion below 
T 6 was present in another 18 patients. 
Preoperative evaluation 
Only patients with severe urological problems that could not be cured with maximal 
conservative treatment were considered candidates for this type of surgery. 
All patients underwent extensive screening according to a standard protocol including 
a detailed evaluation of the anatomy and the function of the upper urinary tract. The 
urodynamic evaluation included slow fill (35 cc/min) cystometry with water at body 
temperature for the measurement of the maximal cystometric capacity of the bladder 
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and a rapid fill (100 cc/min) cystometry with icewater to control for the presence of 
reflex detrusor activity. 
Candidates for stimulation need to have normal sacral reflexes and signs of detrusor 
activity on cystometry, indicating intact sacral root function and preserved detrusor 
function. In 2 patients (nr 16 and 18) with aT1 2 lesion, detrusor contractions of < 50 
cm H 2 0 were present during rapid fill cystometry with icewater. A percutaneous sacral 
root stimulation at the level of the sacral foramen was performed, to prove the integrity 
of the sacral roots and a normal contractility of the detrusor. In both patients intra-
vesical pressure of > 100 cm H 2 0 could be obtained during acute stimulation. Implant 
driven micturition could be realised after the implantation of the definitive electrodes. 
All patients except 1 had a complete lesion. One patient (nr 11) had a T u lesion 
with unilateral preserved sensibility below the injury level. He presented with a low 
compliant bladder and bilateral severe hydronephrosis that did not respond to full 
medical treatment. Therefore posterior sacral root rhizotomies and implantation of a 
sacral anterior root stimulator were considered as good alternatives to other destructive 
treatment options. 
Two male patients (nrs 16 and 18) underwent a sphincterotomy 2 and 3 year before 
the screening for a bladder stimulator. In spite of the risk of persistent incontinence after 
the procedure they wanted further treatment because of persistent residuals with 
recurrent infections and the need for intermittent catheterisation 
In all patients a cystogram was performed in order to document possible vesico-
ureteral reflux. Significant reflux was present in 2 patients but was not considered a 
contraindication for surgery. 
Indications for surgery (see Table II) 
The main reason for treatment by sacral posterior root rhizotomies and implantation 
of a sacral anterior root stimulator in females was incontinence. Indeed all 15 females 
indicated problems with uncontrollable urine loss as the main reason for treatment. 
Recurrent urinary tract infections were a supplementary reason for a bladder stimulator 
in 2 females. One of these patients had an indwelling catheter. In 1 female patient with 
a cervical lesion, severe signs of autonomic dysreflexia with bladder filling below 100 
cc prompted to surgical treatment. 
In male patients however, the main indication was the presence of large residuals 
after evacuation, mainly because of severe detrusor-sphincter dyssynergia. Of the 20 male 
patients 18 had persistent residuals despite full medical treatment. Intermittent 
catheterisation was used in 15 patients and 2 patients had an indwelling catheter. One 
patient had persistent infections after a previous sphincterotomy. In 2 patients severe 
hydronephrosis was the main reason to perform posterior sacral root rhizotomies and 
the possibility of bladder stimulation has been proposed. Incontinence was a major 
problem in one male patient and a reason for deafferentiation and implantation of a 
bladder stimulator. Three male patients with a cervical lesion presented with severe 
autonomic dysreflexia that was impossible to treat by other methods. 
119 

















































































































CIC b ι d 
Stim 3 months 









Complications and comments 
Neuropraxia 6 months post 
operative 
Fully recovered 
Secondary baclofen pump 
No autonomic dysrefexia 
-
-





Hydronephrosis recovered at 3 
m 




Hydronephrosis recovered at 3 
m 
No autonomic dysreflexia 




























































































































Complications and comments 
Reflux cured 
No autonomic dysreflexia 
-




Persistent reflex activity 




Persistent reflex activity 









At the moment of the screening 8 patients emptied the bladder with suprapubic tapping 
alone and 5 with a combination of tapping and medication to reduce the outlet 
resistance (see Table II). In total 14 patients used a combination of suprapubic tapping 
and a variable frequency of intermittent catheterisation. Two patients used only intermit-
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tent catheterisation and 6 had an indwelling catheter. However all candidates for this 
type of surgery had ever performed intermittent catheterisation or learned to do so. All 
patients were informed about the possibility of the need for catheterisation in case of 
failure of bladder stimulation after complete rhizotomies. 
From the candidates for implantation of a bladder controller, one female patient (nr 
3) was already planned elsewhere for urinary diversion and two male patients (nr 13 
and 19) were considered candidates for a sphincterotomy. 
Intraoperative technique 
The technique as previously described was used in all patients24. After a median 
laminectomy from L3 or L4 to S, or S2, the dura mater was exposed and opened. The 
sacral roots S2, S3, S4 and, if present S ,^ were localised by means of electrical stimulation. 
Rhizotomies were performed of all posterior segments of S2, S3 and S4. If S5 roots were 
present, a complete resection of these roots was performed. 
In one patient (nr 14) severe fibrosis of all sacral roots was present and splitting of 
posterior and anterior roots was difficult. Afterwards, this patient presented persistent 
reflex activity in the sacral segments and a secondary deafferentiation at the conus 
mcdullaris was necessary to control bladder function. In 2 patients (nrs. 25 and 28) 
difficulty was encountered with splitting of anterior and posterior segments at the S4 
level and persistent reflex activity appeared at the postoperative controls. 
No major peroperative problems occurred and the median blood loss was 320 cc. 
Postoperative follow-up 
Stimulation was started between the third and fifth day after surgery. In all patients a 
detrusor contraction was present after stimulation and a stimulation program was set 
under urodynamic control. However in 2 patients (nrs. 1 and 21) the initial bladder 
reaction disappeared together with the motor responses of the lower limbs 7 days after 
surgery, probably because of nerve damage. In one patient (nr. 1) full recovery has 
occurred after 6 months but the other patient still needs intermittent catheterisation 14 
months later. Apparently this patient has permanent nerve damage, although no 
intraoperative problems were encountered. 
Two patients (nrs. 10 and 12) developed a cerebrospinal fluid leak during the early 
postoperative period. This was treated conservatively with Trendelenburg position and 
both leaks sealed spontaneously. One patient (nr. 12) developed a wound infection with 
Staphylococci which was initially eliminated with antibiotic treatment, but three months 
after implantation, a low grade implant infection was discovered and the whole implant 
was removed. The implant functioned without problems for three months and complete 
urine evacuation was achieved. After removal, the patient was continent and had a large 
bladder capacity but wanted to have a secondary stimulator implant. Since posterior 
rhizotomies had already been performed, an extradural sacral root stimulator (Finetech 
Ltd) was successfully implanted 6 months later. 
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Long term follow-up (see Table II) 
Once a stimulation program was set for stimulation of the bladder and evacuation of 
the rectum, the patient was instructed how to use the external equipment and left 
hospital about 10 days after the surgery. 
All patients were followed according to a fixed protocol. A general and urological 
history was taken and a physical examination with ultrasound of the kidneys was 
performed 6 weeks after surgery and thereafter every 3 months during the first year. The 
stimulation parameters were controlled and, if necessary, adjusted based on the clinical 
and urodynamic results 6 weeks after surgery. In some patients electrical parameters had 
to be adapted after healing of the wound over the receiver, but in no single patient the 
stimulation parameters had to be changed afterwards. 
Control cystometry and a urodynamic evaluation of the stimulation effect is per-
formed at 6 months after the operation. At 6 months the creatinine clearance in a 24-
hour urine specimen is also controlled. 
During the second postoperative year investigations including an ultrasound of the 
kidneys, a 24-hours creatinine clearance and a flowmetry with residual urine measure-
ment were performed each 6 months and thereafter once a year. 
Results 
Out of the total group of 35 patients, a postoperative follow-up of minimal 6 months 
is available in 28. Up to now no important change in bladder behaviour nor in the 
effectiveness of bladder stimulation occurred after 6 months in those patients in whom 
posterior rhizotomies were complete and no persistent reflex activity was found at 
cystometric control. 
Bladder capacity 
During the first weeks after surgery, bladder capacity may still be limited but with 
natural filling the capacity gradually increases. Patients were advised to empty their 
bladder at about 500 cc although in the majority of patients far higher capacities could 
be reached. In our series, 12 patients noted a bladder capacity of more than 1000 cc 
on occasion, apparently without any damage of the detrusor muscle. No information 
is available on the risk of overstretching of the detrusor after complete rhizotomies. 
Therefore filling during cystometric controls is stopped, based on the intravesical 
pressure or at a maximum of 800 cc. 
In three patients (nrs. 14, 25 and 28) bladder capacity with natural filling was 
limited to about 400 cc because of incontinence, probably related to persistent reflex 
activity of the detrusor. In these patients implant driven micturition was impossible in 
spite of high intravesical pressures because of electrically induced detrusor-sphincter dys-
synergia. Two patients (nrs. 14 and 25) underwent posterior rhizotomies at the level 
of the conus medullaris. Bladder capacity during natural filling increased after this 
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procedure, but in one patient (nr 25) stress incontinence was present. The third patient 
is waiting for secondary rhizotomies. 
In another male patient (nr 11 ) with a small capacity, thick walled bladder and 
dilatation of the upper urinary tract prior to surgery, the bladder capacity remained 
limited to 400 cc after the rhizotomies. Apparently the bladder wall has lost the normal 
visco-elastic properties due to irreversible changes. This patient empties the bladder 
frequently by means of the stimulator, in order to prevent further damage to the bladder 
or problems of the upper urinary tract. 
Continence 
At the most recent review, 30 patients were fully continent. However 10 of the patients 
noted overflow incontinence when the bladder was filled with large volumes. Based on 
patient information this happens at volumes >800 cc. We have not checked this during 
a urodynamic evaluation for fear of inducing detrusor injury, but the intravesical 
pressure under these conditions is probably higher than the maximal urethral closure 
function, and leakage occurs. 
Mild stress incontinence was present in 3 male patients (nrs. 11, 16 and 18) also 
with smaller volumes. Two of these patients had a sphincterotomy prior to implantation 
of the bladder stimulator. One patient (nr. 25) presents a severe stress incontinence 3 
months after rhizotomies at the level of the conus medullaris. In another male patient 
(nr 28) continence is compromised by persistent reflex activity with bladder filling above 
400 cc. He is waiting for a deafferentiation at the level of the conus medullaris. 
Evacuation of urine 
At the most recent review, 28 patients could empty the bladder with the stimulator. In 
1 female patient (the one with the extradural stimulator, nr. 12) and in 3 male patients 
(nrs. 11,14 and 25), the use of the stimulator was combined with regular intermittent 
catheterisation mainly because of persistent residual urine. 
In three other patients the residual urine is probably caused by inadequate position-
ing of the transmitter, since with correct use of the external stimulator, the bladder 
empties completely. However, these patients prefer to eliminate residual urine with 
occasional catheterisation after electrical stimulation of the bladder, depending on the 
quality of the urine evacuation. 
Three patients depend on intermittent catheterisation since implant driven 
micturition is not possible. In a male patient of 56 year (nr. 21), electrical stimulation 
of the sacral roots is not feasible, probably because of permanent nerve damage. One 
female patient (nr. 17) uses high dosages of oxybutinine to lessen important sweating. 
The parasympathicolytic medication makes bladder stimulation impossible but the 
patient is fully continent and happy with the actual situation. The third patient (nr 28) 
has stimulator induced detrusor-sphincter dyssynergia that prevents bladder emptying 
and is waiting for secondary rhizotomies at the level of the conus medullaris. 
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Residual urine and urinary tract infections 
In all 28 patients that use the stimulator for evacuation of urine, residual urine after 
a complete stimulation cycle is <50 cc. In the 22 patients with a follow-up of at least 
one year the mean incidence of urinary tract infections was reduced from 4,2 (range 
2-12) in the year before surgery to 1.4 (range 0-2) during the last year of follow-up. 
Upper urinary tract function 
Dilatation of the upper tract with signs of obstruction on renal scintigraphy was present 
pre-operatively in 2 patients (nrs. 11 and 13). In both patients the dilatation disappeared 
within 6 weeks after complete sacral rhizotomies wjth a normalisation of the renal 
scintigraphy. With further follow-up, electrical stimulation had no influence on the 
aspect of the upper urinary tract. 
Although 27 patients had a reduced clearance prior to the surgery, postoperative 
creatinine clearance stated a stabilisation of the kidney function . On renal scintigraphy 
no signs of obstruction nor further kidney function loss was documented after surgery. 
Two patients (nrs. 14 and 19) presented asymptomatic vesico-ureteral reflux on the 
pre-operative cystography. At control cystography 6 months after surgery, reflux dis-
appeared in 1 and reduced in the other patient in spite of daily electrical stimulation 
of the bladder. 
Autonomic dysreflexia 
In total 5 patients with a cervical lesion presented with severe signs of autonomic 
dysreflexia. In all 5 patients spontaneous autonomic dysreflexia with bladder filling 
disappeared also with larger volumes. In 2 patients stimulator induced dysreflexia, not 
so severe as to prevent implant use, occurred. 
Defecation 
All 32 patients that use the stimulator for evacuation of urine, have a clear benefit in 
the evacuation of stools with a separate stimulation programme. Lessening of time taken 
for defecation is the major benefit for all patients. In 14 patients the stimulator alone 
is used and in 18 some form of enema is added to the stimulation. In 10 patients, 
depending on the consistency of the faecal material manual evacuation is needed, but 
the stimulator is used to bring the stools low in the rectum and to relax the anal 
sphincter due to muscle fatigue. 
The patients that cannot use the stimulator for defecation returned to the method 
and frequency of defecation as before the operation. No single patient found the 
operation detrimental with respect to defecation. 
Penile erection 
Rigid penile erection by continuous stimulation of the S2 roots was possible in 12 of 
the 20 male patients. However since rather high currents are used to induce erection, 
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strong lower limb contractions are present during this type of stimulation. Therefore 
only 4 patients used stimulator induced erections for coitus. 
Spasticity 
The degree of spasticity in the postoperative period varies greatly from one patient to 
another. All patients return to the original degree of spasticity as prior to the 
rhizotomies. However, due to the ameliorated quality of life with the disappearance of 
the incontinence, more attention is paid to these problems. Therefore 2 female patients 
requested further treatment for their spasticity. In 1 patient (nr. 2) an intrathecal 
baclofen infusion was implanted 3 year after the implantation of the bladder controller17. 
The currents for stimulation of the bladder had to be increased in order to permit 
complete evacuation of urine but no further effect was documented on bladder function. 
Imphnt failures 
No implant failures occurred so far. Some minor problems with the external control 
box were seen. However, in case of defects in the external equipment the patient is 
dependent on intermittent catheterisation for urine evacuation, as long as no reserve 
stimulator box is available. 
Discussion 
The management of neurogenic bladder dysfunction after a spinal cord injury is difficult 
and often controversial. The goals of therapy are to increase bladder capacity, maintain 
low pressure storage of urine with preservation of the upper urinary tract and prevent 
incontinence. Furthermore, evacuation of urine without any residual should be achieved 
to reduce the incidence of urinary tract infections. 
Posterior sacral root rhizotomies have been advocated to reduce or abolish detrusor 
hyperreflexia and to improve the effect of anterior sacral root stimulation. The results 
with limited posterior rhizotomies were disappointing and therefore complete posterior 
sacral root rhizotomies from S2 to S4/S5 were recommended16. 
A sacral anterior root stimulator, the Finetech-Brindley bladder controller, has been 
available since 1984, but only recently the combined treatment of complete sacral 
posterior root rhizotomies together with implantation of this stimulator has gained 
general interest. A limited number of publications on the combined technique are 
available. A consistent problem with these investigations is the short follow-up and the 
limited number of patients. 
In this survey we present a group of 35 patients with a spinal cord lesion in whom 
a Finetech-Brindley anterior sacral root stimulator was implanted after complete sacral 
posterior root rhizotomies. We tried to evaluate the clinical effects of this treatment. 
Good results were achieved in terms of increase of functional bladder capacity, 
continence and evacuation of urine with a significant reduction in the incidence of 
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urinary tract infections. If upper tract problems were present prior to surgery, improve-
ment was achieved within a short period after successful deafferentiation. 
Even after several years of neurogenic bladder dysfunction, rhizotomies abolished 
detrusor hyperreflexia resulting in a permanent acontractile bladder with a low intraves-
ical pressure, a large capacity and a high compliance. Our results refute the previously 
mentioned experience that detrusor hyperreflexia returns after dorsal root rhizotomies, 
especially in patients with a spinal cord injury2115. Good results were mentioned in a 
smaller series with complete posterior sacral rhizotomies'2. No patient in our series 
noticed a decrease in capacity with time, although a limited increase in bladder capacity 
was noticed in three patients who failed to have complete rhizotomies. In two of these 
patients who underwent second posterior rhizotomies at the level of the conus medulla-
ris, bladder capacity increased significantly. These findings can explain the variable 
results in the earlier series with the combined surgery, in which rhizotomies were 
performed depending on the peroperative stimulation results6. Therefore, we advice 
complete posterior rhizotomies in every patient, since no pre- nor per-operative tests 
allow for localization of the presence of afferent parasympathetic fibres in the sacral 
roots. 
The primary purpose of the Finetech-Brindley bladder controller is to improve 
evacuation of urine. With 28 out of 35 patients that empty the bladder with the 
stimulator only, this goal was reached in the majority of our patients. Based on the long-
term results of the initial series7, we may expect that once activation of the bladder 
succeeds, favourable long-term results may be expected. 
The permanent loss of activation of the bladder in an older patient after five days 
of detrusor contraction by electrical stimulation, may indicate that the sacral nerves in 
older patients may be more prone the intraoperative damage. Therefore, one can argue 
whether the age of the patient limits the indication for this form of treatment. 
Persistent stress incontinence, although slight, can be a problem in male patients. 
The explanation for this phenomenon is uncertain12. However, the majority of males 
that were candidates for sacral root stimulation had an open bladder neck on the 
preoperative cystography. The increased bladder capacity could unmask a stress inconti-
nence based on pelvic floor insufficiency that was not evident before the operation, 
because of the more prominent reflex detrusor activity. The anatomy of the bladder neck 
must be studied during the screening of male patients and they should be informed on 
the possibility of postoperative stress incontinence. However, the amelioration of bladder 
emptying largely compensates for the minor incontinence problems in males. 
In females with a spinal cord injury, regaining continence is perhaps the major goal 
of treatment. In our series all female patients are continent, even with bladder volumes 
above 500 cc. Similar excellent results in woman have also been reported in another 
series of female patients13. 
In patients with a cervical lesion and a poor hand function, help of other persons 
may be needed to activate the bladder controller. Therefore, the complete circumstances 
of each patient, considered for this procedure must be taken into account. However, 
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especially in females with a cervical lesion, the comfort of continence largely compen-
sates for these inconveniences. 
Our results with the combined technique of posterior sacral root rhizotomies and 
sacral anterior root stimulation, illustrate the good results that can be obtained with this 
method. However, careful selection of the patients is essential. Complications can occur 
and in patients with a balanced detrusor hyperreflexia the possible risks of the operation 
must be taken into account. 
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Abstract 
In order to evaluate the effects of central detrusor denervation on bladder compliance, 
we studied 27 patients with complete suprasacral spinal cord injury in whom intradural 
posterior sacral root rhizotomies from S2 to S5 in combination with implantation of an 
intradural Finetech-Brindley bladder stimulator were performed. 
All patients initially presented with detrusor hyperreflexia. A majority of these 
patients showed a decreased bladder compliance 5 days after surgery, followed by a rapid 
increase in bladder compliance in the period thereafter. All patients showed persistent 
detrusor areflexia after long-term follow up. In two patients incomplete posterior sacral 
rhizotomies appeared to be performed. These patients developed low bladder com-
pliance, so that secondary posterior sacral root rhizotomies at the level of the conus 
medullaris were carried out. 
Intradural rhizotomies of all posterior sacral root components from S2 to S5 in 
combination with implantation of an anterior sacral root stimulator is a safe and 
effective procedure in spinal cord injured patients. 
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Introduction 
Patients with neurogenic bladder dysfunction due to injury of the spinal cord are at risk 
to develop upper urinary tract problems and deterioration of kidney function1. Since 
the introduction of clean intermittent self-catheterization2, bladder augmentation 
surgery3, parasympathicolytic drugs4 and improved antibiotics to lessen urinary sepsis, 
the risk for urological morbidity has been reduced5. Despite this, urologica! complica-
tions remain an important cause of morbidity in spinal cord injured patients6, and 
further research is needed. 
One of the achievements of the last decades in order to reduce the urological 
morbidity in spinal cord injury patients, is central detrusor denervation by rhizotomies 
of posterior sacral nerve root components to reduce detrusor hyperreflexia7,8. This 
procedure leads to an increase of bladder capacity and thus an improved reservoir 
function of the bladder. Moreover, this technique reduces the reflex activity of the pelvic 
floor and external urethral sphincter9. When this procedure is combined with the 
implantation of electrodes around sacral spinal nerve roots, electrical induced bladder 
emptying is possible8,10. 
However, the benefit of posterior sacral nerve root rhizotomies has been criticised 
since initial experiences with this technique were disappointing. In some patients 
detrusor hyperreflexia recurred11,12, in some patients secondary low bladder compliance 
developed13. The effects on sexual performance and bowel function have been de-
scribed14. On the other hand, some authors report beneficial long-term effects on 
detrusor function after posterior sacral root rhizotomies15,16. 
In this study we report on the effect of intradural posterior sacral root rhizotomies 
from S2 to S5 in combination with implantation of an anterior sacral root stimulator 
on bladder compliance and capacity in 27 patients with a complete spinal cord injury. 
Patients and methods 
Between January 1989 to October 1992, 27 patients, 14 males and 13 females with a 
complete cervical or thoracic spinal cord lesion underwent bilateral intradural 
rhizotomies of all posterior sacral root components from S2 to S5 and implantation of 
a Finetech-Brindley sacral anterior sacral root stimulator (Finetech Ltd., U.K.). Pre-
operative urodynamic evaluation showed detrusor hyperreflexia in all patients (Figure 
1). All patients had incomplete bladder emptying and suffered from recurrent urinary 
tract infections and urinary incontinence. 
Patients and preoperative evaluation 
Mean age was 34 years (range 16 to 57 years). The level of injury ranged from cervical 
4 to thoracic 12. Mean duration of the lesion was 5,3 years (range 9 months to 22,5 
years). Mean follow-up period was 22 months (range 6 to 51 months). Table 1 summar 
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Figure 1: Pre-operative cystometry (patient no 22): Evident detrusor 
hyperreflexia and detrusor sphincter dyssynergia. (Рьы: intravesical 
pressure, P
aM: intra-abdominal pressure, Pdeu: detrusor pressure, Vol: 
infused volume). 
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izes patient characteristics. All patients underwent comprehensive preoperative evaluation 
according to a standard protocol, including general and urological history, physical and 
neurological examination, extensive urodynamic evaluation, intravenous urography, 
voiding cystourethrography, kidney scintigraphy, creatinine clearance and neurophysiol-
ogical testing. Caudography was performed in 13 patients. All male patients had reflex 
erections and they were all extensively informed about the postoperative loss of reflex 
and psychogenic penile erections. 
Urodynamic evaluation 
Urodynamic evaluation was performed 4 times: pre-operatively, 5 days, 6 weeks and 
6 to 12 months post-operatively. It consisted of a water cystometry at 37 °C and a 
filling rate of 35 ml/min. When this revealed detrusor areflexia, a second cystometry 
with water at 4°C and a filling rate of 100 ml/min was performed. Electromyography 
of the pelvic floor was performed with bipolar wire electrodes (Nicolet, U.S.A.) during 
cystometry. Pre-operative maximum capacity measured during cystometry (MCC) was 
defined as the volume at which a reflex detrusor contraction elicited an intravesical 
pressure increase of more than 15 cm H 2 0 . Bladder compliance (ВС) was calculated 
by dividing the MCC by the difference between intravesical pressure before and after 
filling. Post-operative MCC was defined as the volume at which overflow incontinence 
was noted or a maximum of 800 ml was reached. Bladder compliance post-operatively 
was calculated in the same way as pre-operatively. 
Operative technique 
An intradural operative technique was used17. A laminectomy from L, or L4 to S2 was 
performed to expose 10-12 cm dura mater. After opening the dura, the sacral roots S2, 
S3, S4 and when existing S5 were bilateral exposed. Under visual magnification and with 
continuous urodynamic monitoring of bladder, rectal and urethral pressure, the roots 
were individually stimulated, using a tripolar hook electrode (10V, 30 Hz). Than, the 
sacral roots were bilaterally separated in anterior and posterior components. Electrical 
stimulation of anterior components normally results in an increased bladder pressure 
and/or specific somatic motor responses (toe flexion, plantar flexion, pelvic floor or anal 
sphincter contraction). Electrical stimulation of posterior components did not result in 
any motor response. All posterior components of left and right S2> S3, S4 and the 
complete S5 roots, if present, were transected. After the transection of all posterior 
components, the remaining anterior components were placed in the electrodes and the 
dura was closed. The leads were connected with a receiver placed in a ventral sub­
cutaneous pocket. After surgery the bladder was drained with a transurethral catheter 
for 5 days. On the fifth day, a first cystometry was performed and the external 
stimulator was programmed for electrical induced bladder and bowel emptying17. For 
male patients, an additional stimulation program for erection was set. 
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Postoperative evaluation 
Follow-up was performed postoperatively in all patients according to a protocol. General 
and urologica! history was taken as well as physical examination after 6 weeks, 3, 6, 9 
and 12 months and thereafter every 6 months. Patients were asked if they were con-
tinent for urine and faeces. Post-stimulation residual urine was checked ultrasono-
graphically at every outpatient visit. Ultrasound evaluation of the kidneys was performed 
every 3 months during the first year and an intravenous urography and kidney 
scintigraphy at 6 months. 
Statistical analysis 
The non-parametric Friedman-test was used. P-values are given. 
Results 
Mean maximum capacity measured during cystometry before operation was 228 ml (SD 
108 ml; range 50-428). Mean bladder compliance was 31 ml/cm H 2 0 (SD 22,1 ml/cm 
H20; range 7-80). In 10 patients the compliance was less then 20 ml/cm H 2 0, and in 
3 patients it was below 10 ml/cm H 2 0 . 
At operation, two patients (no. 14 and 25) were found to have arachnoiditis, 
although in patient no. 25 a caudography had shown no adhesions. In these two 
patients the fibrosis around the sacral roots prevented exact anatomical separation of 
anterior and posterior components. In all other patients separation between anterior and 
posterior components was straightforward and rhizotomies of all posterior sacral root 
components from S2 to S5 could easily be performed. 
Mean MCC 5 days after the rhizotomies was 270 ml (SD 104 ml; range 127-565). 
Mean bladder compliance was 14 ml/cm I I 2 0 (SD 7.0 ml/cmH20; range 3-33). In 21 
patients the compliance decreased and in 5 patients the compliance increased. In one 
patient there was no change in bladder compliance. Twenty-three patients had a bladder 
compliance below 20 ml/cmH20, eight below 10 ml/cm H 2 0 . Five of the patients with 
a pre-operative bladder compliance below 20 mI/cmH20, had a decreased bladder 
compliance after surgery. All patients showed detrusor areflexia on cystometry (Figure 
2). After setting the program for electrical induced bladder emptying, all patients could 
empty the bladder, except two. These patients (no. 14 and 25) showed reflex activity 
resulting in severe dctrusor-sphincter-dyssynergia, continuing after stimulation. 
Consequently, they could not empty the bladder although adequate intravesical pressures 
were obtained. Intermittent self-catheterization was started. 
After removing the urethral catheter on the fifth day, 25 patients (93%) could use 
the stimulator for bladder emptying. After one week patient no. 1 and 21 did not 
respond to stimulation anymore, probably due to neurapraxia of the anterior sacral roots. 
Patient no. 1 recovered after 6 months, but in patient no. 21 neurapraxia did not 
recover. Patient no. 17 needed oxybutynin because of severe perspiration over the whole 
body. This resulted in paralysis of the detrusor and intermittent self-catherization was 
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Figure 2: Cystometry 5 days postoperatively (patient 22): Complete 
detrusor areflexia, but low bladder compliance (infused volume 105 
ml, during nearly 4 minutes). (Ρ|,ω: intravesical pressure, Р
а Ы
: intra­
abdominal pressure, Vim\ detrusor pressure, Vol: infused volume). 
started. In patient no. 12 the implant had to be removed after 3 months because of a 
low-grade infection. 
After 6 weeks the mean M C C was 581 ml (SD 111 ml; range 374-792). Mean 
bladder compliance was 44 ml/cm H 2 0 (SD 21.1 ml/cm H 2 0 ; range 13-95). In all 27 
patients, the bladder compliance increased compared to the situation 5 days after 
surgery. Only two patients (no 14 and 25) had a bladder compliance below 20 ml/cm 
H 2 0 (Table 2). Apart from the increased bladder compliance and capacity, the trabecul-
ated aspect of the bladder wall can disappear (Figure 3 and 4). In patient no. 14, the 
M C C was 400 ml and the compliance was 18 ml/cm H 2 0 . In patient no. 25 these 
figures were 374 and 13 respectively (Table 2). In both patients ultrasound of the 
kidneys showed slight to moderate dilatation on left and right pyelocaliceal system, 
although both patients showed normal upper urinary tracts before surgery. In both 
patients separation between posterior and anterior sacral root components was 
complicated and strong suspicion existed if all posterior root components from S2 to 
S5 had been transected. Therefore, secondary posterior sacral root rhizotomies at the level 
of the conus medullaris were performed 4 and 5 months after the initial surgery in 
patient no. 25 no. 14 respectively. After a laminectomy from T
n
 to L2 was carried out, 
the dura mater was opened. The anatomical separation between anterior and posterior 
sacral roots is evident and all sacral posterior roots were removed bilaterally. 
Mean M C C 6 to 12 months after the implantation of the sacral anterior root 
stimulator, was 575 ml (SD 122 ml; range 400-800). Mean bladder compliance was 
48 ml/cm H 2 0 (SD 20.2 ml/cm H 2 0 ; range 23-95) (Figure 5). The detrusor pressure 
at M C C was below 30 cm H 2 0 in 25 patients (Table 3). None of the patients had 
detrusor pressures above 40 cm H 2 0 at M C C . Both patients with the secondary 
rhizotomies at the level of the conus medullaris could use the stimulator for daily 
137 
Table 2 Urodynamic characteristics in all patients 













































































































































Table 3 Distribution ol detrusor pressure at MCC 


































































































































































Figure 3: Aspect of the bladder at cystography (patient no. 5) 19 
years after spinal cord injury. 
Figure 4: Control cystography (patient no 5) 6 weeks after complete 
posterior rhizotomies and implantation of intradural electrodes and 
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Figure 5: Cystometry 6 months postoperatively (patient no 22): 
Complete detrusor areflexia and normal bladder compliance (in­
fused volume 730 ml during nearly 22 minutes). (Рьы: intravesical 
pressure, V¿,¿: intra-abdominal pressure, Pj„r: detrusor pressure, Vol: 
infused volume). 
bladder emptying after the second procedure. The MCC in patient no. 14 was 400 ml 
and the bladder compliance 23 ml/cm H 2 0 . In patient no. 25 these figures were 437 
and 24 respectively. The dilatation of the upper urinary tract disappeared in both 
patients within 6 weeks after the second operation. This indicates that the changes of 
the upper urinary tract were mainly influenced by the bladder compliance. 
The pre- and postoperative bladder compliance and maximum capacity during 
cystometry are depicted in Figure 6 and 7. 
Preoperatively, all male patients had reflex erections, which were adequate for sexual 
intercourse except in patient no. 14, 21, 25 and 26. Postoperatively, in 8 patients 
erections were evocable by electrical stimulation, adequate for intercourse. In patient 
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Figure 6: Mean bladder compliance pre-operative and 5 days, 6 
weeks and 6-12 months post-operative (values ± 1 standard devia­
tion). 
': compared to pre-op: Ρ < 0,05 
2
: compared to pre-op: Ρ < 0,1; compared to 5 days: Ρ < 0,01 
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Pre-op 5 days 6 weeks 6-12 months 
Figure 7: Mean maximal capacity measured during cystometry pre­
operative and 5 days, 6 weeks and 6-12 months post-operative 
(values ± 1 standard deviation). 
': compared to pre-op and 5 days: Ρ < 0,01 
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Discussion 
Bladder compliance can be hampered by several pathological conditions. In spinal cord 
injury patients, it can be impaired by fibrosis, smooth muscle hypertrophy or parasym-
pathetic denervation1819. Several authors have stressed the risk of low bladder compliance 
and subsequent high intravesical pressures for upper urinary tract deterioration20,21. 
Denervation of the detrusor interrupts the micturition reflex arc and therefore reduces 
or abolishes detrusor hyperreflexia and concomitant high intravesical pressures. 
Denervation of the detrusor to reduce or abolish detrusor hyperreflexia may be 
peripheral or central. Peripheral denervation can be obtained by bladder distension22, 
transection of the bladder2' or perivesical dissection24, but since these techniques have 
proven to be only temporarily and partially effective, clinical use is limited. Central 
denervation is performed by severing those anterior or posterior sacral nerve roots that 
contain nerve fibers innervating the detrusor25, between the myelum and the point at 
which the roots fuse to form a peripheral nerve. 
Classically, central denervation was performed in patients with several neurological 
diseases, among them only a few with complete spinal cord lesions'l·1*·26·27. Transection 
was limited to the extradural branches of posterior and anterior spinal sacral nerve roots 
by which electrical stimulation resulted in detrusor contraction. Immediately following 
these procedures, bladder capacity used to increase, resulting in urinary continence, but 
in most patients results at six months were disappointing because of recurrence of 
detrusor hyperreflexia and low compliance. Other authors reported on dorsal root 
ganglionectomy813 or rhizotomies of posterior sacral nerve roots only , in patients with 
incomplete as well as complete spinal cord injuries. 
Complete bilateral intradural posterior sacral root rhizotomies from S7, Sj, S4 and 
S5 in combination with implantation of a Finetech-Brindley anterior sacral root 
stimulator were introduced with good clinical results in patients with complete spinal 
cord injury28. These results were confirmed by reports from other authors29,30. We have 
studied bladder compliance after bilateral intradural rhizotomies of all posterior sacral 
root components of S2, S3, S4 and S; in spinal cord injured patients. We found a 
decrease in bladder compliance during the first few days followed by a rapid increase 
in bladder compliance in the period thereafter. With a maximum follow up of 4,25 
years, no recurrence detrusor hyperreflexia nor development of low bladder compliance 
was noted. After one year, bladder compliance is significantly higher than before the 
rhizotomies (Figure 6). 
In two patients with intradural fibrosis at the level of the cauda equina, it was 
impossible to transect all posterior sacral root components from S2 to S5. As a result, 
post-operative stimulation provoked reflex activity and prohibited urethral relaxation 
between stimulation bursts;. In these patients persistent low bladder compliance was 
found. These patients were re-operated and after posterior sacral root rhizotomies at the 
level of the conus mcdullaris, bladder compliance improved. Obviously, rhizotomies of 
all posterior sacral root components from S2 to S5 are essential, not only to guarantee 
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complete detrusor areflexia, but also to prevent the development of low bladder com-
pliance. 
It's noteworthy, that 5 days after surgery bladder compliance was decreased in the 
majority of patients. It is unlikely that the rhizotomies are responsible for this effect, 
because not all patients showed deterioration in compliance. Mucosal irritation due to 
the post-operative indwelling catheter could account for this effect. The same phenom-
enon is also noticed during urinary tract infections after posterior sacral root rhizo-
tomies10. The initiation of intermittent catheterization in the early postoperative phase 
probably would improve bladder capacity and compliance. In our study, a cystometry 
was performed in some patients a few days after the 5 days cystometry to reset the 
stimulator. These measurements always showed a much better bladder compliance and 
capacity than the cystometry after 5 days. The transurethral indwelling catheterization 
was continued for 5 days because of nursing comfort. 
The major advantage of complete bilateral rhizotomies, is the development of low 
pressure detrusor areflexia by transecting all afferent pathways of the sacral spinal nerve 
roots. This permits urinary continence and reduction of the risk of upper urinary tract 
deterioration. Selective rhizotomies comprising only those posterior sacral roots in which 
stimulation results in detrusor contraction, is able to create an increase in bladder 
capacity, but does not rule out detrusor hyperreflexia completely16. Toczek proved that 
this is caused by activation of alternative sacral reflex pathways which were secondary 
and inactive during initial electrical stimulation". Since, in our study no recurrence of 
detrusor hyperreflexia is noted, bilateral section of all posterior root components from 
S2 to S5 seems to be mandatory to create long-term detrusor areflexia. 
In three patients stimulation was only effective for a short period of time. To date, 
these patients are continent day and night, but have to empty their bladder by inter-
mittent catheterization. Cystometry after one year shows a good bladder compliance. 
Apparently, the absence of detrusor contractions provoked by electrical stimulation did 
not result in decrease of bladder compliance. 
Preoperative autonomic dysreflexia, present in 5 patients with a cervical lesion, 
obviated postoperative completely in 3 and partially in 2 patients. In those 2 patients 
autonomic dysreflexia is occasional present during stimulation, not so severe as to 
prevent implant use. Most likely, ventral afferent fibers are responsible for the persistent 
autonomic dysreflexia. 
Long term side-effects of the procedure were limited. Since all patients had a 
complete suprasacral spinal cord injury, no change in sacral dermatome sensibility was 
observed. Postoperatively, all male patients lost penile reflex erections. Farmacological 
autoinjection therapy was offered to the 6 patients in whom erection was not electrically 
evocable. A full erection to a low dose of the combination of papaverine and phento-
lamine (Androskat®) was obtained in all patients. Three out of the 6 patients 
participated in the autoinjection program. Apart from that, the loss of penile reflex 
erections was never mentioned by the patients in this study as important for their quality 
of life. Long term side-effects on bowel emptying were limited. After 3 months 35 % 
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of the patients had defecation solely with the stimulator. This was of great advantage 
for the patients, since consecutive bladder and bowel emptying without further help of 
drugs was possible. In all other patients, the pre-operative situation for bowel emptying 
had returned. In some of them the stimulator was of help to bring the bowel content 
to the distal rectum. 
Conclusion 
In this study we described the change in bladder compliance and capacity after complete 
rhizotomies of posterior sacral root components S2 to S5 in spinal cord injured patients. 
In all patients, bladder compliance normalised and capacity increased. It appeared that 
incomplete rhizotomies resulted in low bladder compliance. In this case, second stage 
rhizotomies at the level of the conus medullaris are recommended. The disappointing 
experiences with central denervation procedures described earlier in the literature were 
probably caused by incomplete rhizotomies. Therefore, surgical detrusor denervation 
techniques should include a transection of all posterior sacral roots from S2 to S5. For 
this reason it is doubtful if patients with intact sacral sensibility are suitable candidates 
for this procedure. 
We may conclude that the procedure as discussed in this paper is a safe and effective 
treatment option in patients with urological problems due to complete suprasacral spinal 
cord injury. 
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CHAPTER 11 
World wide experience with the Finetech-Brindley 
sacral anterior root stimulator 
PH.E.V. VAN KERREBROECK, F.M.J. DEBRUYNE 
Neurourology and Urodynamics, 12:497-503, 1993. 
Summary 
Little is known on the overall results of the implantation of a sacral anterior root 
stimulator. An overview is given of a group of 184 patients in which a Finetech-Brindley 
sacral anterior root stimulator was implanted in 23 centers in different countries. 
Although the median number per center was small, excellent results in terms of conti-
nence, evacuation of urine and increase in bladder capacity were realised. The majority 
of patients found the stimulator also helpful for defecation. Electrically induced penile 
erection could be achieved in about two-thirds of men with this type of stimulator. 
Introduction 
In order to review the worldwide experience of the use of the Finetech-Brindley sacral 
anterior root stimulator', a questionnaire was send to all centers known to have used 
this implant. 
Patients and methods 
Up to August 1992, Finetech Limited has supplied 42 centers with at least one 
stimulator for implantation. Three of these centers have not performed any implanta-
tions for more than 5 years. Registrations of implants with the company show that 
about 500 implants have been used so far. In the United Kingdom, 11 centers have 
implanted about 200 stimulators; but unfortunately only 1 centre, that had performed 
4 implants, replied to this questionnaire. However earlier publications from these centers 
deal merely with long term follow-up results2,4,8,14. 
Of the remaining 31 centers, 23 filled in the questionnaire, giving information on 184 
patients. One centre in Germany had performed 136 implantations up to August 1992, 
but did not reply to the questionnaire, preferring to make a separate analysis of their 
own results. From 7 centers outside the United Kingdom that have performed 52 
implants, no further information was available for this analysis but earlier publications 
deal with some of these results3. 
Results 
At 1 of the 23 centers that answered the questionnaire only 1 patient has had a sacral 
anterior root stimulator implanted; he died 5 months after surgery from causes 
unknown. This patient was excluded from the analysis. 
At the remaining 22 centers, 184 patients (90 males, 94 females) had been treated 
(see Table I). The maximum number of implants at any one center in this series was 
30, but the median number/center was only 8.4, indicating that a small number of 
patients had been treated at single centers. 
The minimum age was 18 years for the males and 17 years for the females (see Table 
II). The maximum age was 61 years in the male group and 75 years in the female 
group. 
Patients with all levels of spinal cord injury were represented, but the majority had 
lesions in the thoracic region (see Table III). In 26 patients the cause for their lower 
urinary tract dysfunction was pathology other than a spinal cord injury. 
The majority of the patients in the total group (71 males, 66 females) had complete 
motor and sensory spinal cord lesions (see Table IV). In 18 patients (10 males, 8 
females) a complete motor but a partial sensory spinal cord lesion was present. In 3 male 
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Table I Implanting centres Finetech-Bnndley implants with number of implants 
Total <f ? 
G Egon, Ρ Colombel 30 21 9 
Centre de l'Arche, Le Mans, France 
H Madersbacher 24 5 19 
Unrversilatsklinikum, Innsbruck, Austria 
Ph E V Van Kerrebroeck, E L Koldewijn 24 11 13 
University Hospital St Radboud, Nijmegen, The Netherlands 
M Barat 16 9 7 
Centre Hospitalier Universitaire, Bordeaux, France 
F Noll, F Schreiter 14 2 12 
Verbandskrankenhaus, Schwelm, Germany 
E P Arnold 9 6 3 
Chnstchurch Hospital, Chnstchurch, New Zealand 
F Ohanna 8 2 6 
Propara Centre de Traitement, Montpellier, France 
D Gross, H Huland 7 3 4 
Universitatsklmikum Steglitz, Berlin, Germany 
J Nordling 7 7 0 
Herlev Hospital, Copenhagen, Denmark 
M Sanas, A Borau 7 1 6 
Institut Guttmann, Barcelona, Spam 
S Rutkowski 6 4 2 
Royal North Shore Hospital, Sydney, Australia 
Τ Lim, D J Brown 5 5 0 
Austin Hospital, Heidelberg, Australia 
H Burgdorfer 4 0 4 
BG-Unfallkrankenhaus, Hamburg, Germany 
R Bentley 4 4 0 
N of England Spinal Injuries Unit, Hexham, Great Britain 
A l Low 4 3 1 
Royal Perth Rehabilitation Hospital, Perth, Australia 
В Schurch 4 1 3 
Schweizerisches Paraplegikerzentrum Balgnst, Zurich, Switzerland 
R Bosch 3 2 1 
University Hospital Dijkzigt, Rotterdam, The Netherlands 
J J Wyndaele 3 0 3 
University Hospital, Ghent, Belgium 
В Bergman 2 2 0 
Karolmska Hospital, Stockholm, Sweden 
J Janez 1 1 0 
University Medical Centre. Ljubljana, Yugoslavia 
W Thon, U Jonas 1 1 0 
Medizinische Hochschule, Hannover, Germany 
A Zanollo 1 0 1 
Ospidale Civile, Milan, Italy 
Total number 184 90 94 
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Table II Total number of patients 



































' multiple sclerosis, transverse myelitis, spina bifida, neurologically normal patient. 
Table IV Extent of the spinal cord lesion 
Complete motor + sensory 
Complete motor + partial sensory 















patients the lesion was incomplete motor as well as sensory. In 26 patients no informa-
tion on the extent of the lesion was available. 
In 166 patients (78 males, 88 females) an intradural implant was performed (see 
Table V). In 18 patients (12 males, 6 females) the stimulator was implanted in an 
extradural position sometimes after previous intradural rhizotomies". 
The majority of the patients (46 males, 57 females) underwent complete posterior 
sacral root rhizotomies from S2 to S4/S5, usually at the time of the implantation (see 
Table VI). In 43 patients (29 males, 14 females) the rhizotomies were incomplete — 
either intentionally or unintentionally. Intentional partial rhizotomies were performed 
to spare sensory innervation of some parts of the body or to preserve reflex erections 
in the male. For the same reason no rhizotomies were performed in 12 patients (9 
males, 3 females). In 26 patients no information on rhizotomy was available. 
The majority of the patients use their stimulator for the evacuation of urine (see 
Table VII): 156 patients (69 males, 87 females) use their stimulator alone, whereas 8 
patients combine evacuation with the stimulator and intermittent catheterisation. In 5 
patients additional surgery has been necessary to permit evacuation of urine (sphinctero-
tomy, 4 patients) or to restore continence (artificial sphincter, 1 patient). One patient 
uses the stimulator in combination with persistent reflex contractions of the bladder. 
Fourteen patients do not use their stimulator anymore for a variety of reasons. In 11 
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Table VII Micturition after implantation of the stimulator 
Sacral anterior root stimulator alone 
Stimulator + Intermittent Catheterization (self) 
Stimulator + Intermittent Catheterization (others) 
Stimulator + surgery*. 
Stimulator + reflex micuntion 
No stimulator 
Intermittent Catheterization (self) 





































Artificial sphincter 1 
Cystectomy 1 
Reflex micturition 1 
patients the bladdet is emptied by intermittent catheterisation, and in 1 patient an 
indwelling catheter is present. In 1 patient a cystectomy was necessary because of a 
transitional cell carcinoma of the bladder, although at the time of the cystectomy the 
stimulator was working well. In another patient without rhizotomies, persistent reflex 
contractions of the bladder prevent the use of the stimulator. 
Continence has been achieved in 159 patients (74 males, 85 females) (see Table 
VIII). Persistent reflex incontinence is present in 10 patients (9 males, 1 female) and 
mild stress incontinence in another 10 patients (3 males, 7 females). Severe stress 
incontinence is a problem in 2 males and 1 female. A poor bladder compliance is 
present in one male patient. One female patient is continent with an indwelling catheter. 
The bladder capacity has been increased in 171 patients and remained the same in 
9 patients (see Table IX). In 4 patients no information on the postoperative bladder 
capacity is available, but in no single patient has the bladder capacity been decreased. 
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Table Vili Continence after implantation of the stimulator 
η male female 
Continent 159 74 β5 
Reflex incontinence 10 9 1 
Stress Incontinence 
mild 10 3 7 
severe 3 2 1 
Poor compliance 1 1 0 
Indwelling catheter 1 1 0 





Residual urine has been decreased in 171 patients and remained the same in 4 patients 
(see Table X). In 9 patients an increase in residual urine was noted due to poor bladder 
contraction. The majority of the patients (67 males, 84 females) have residuals under 
30 ml. All patients that use the stimulator have a residual urine of less than 200 ml (see 
Table X). 
A significant decrease in the incidence of urinary tract infections is noted (see Table 
XI). After implantation of the stimulator 119 patients have had no urinary tract 
infections, whereas pre-implant surgery 127 patients had infections. During the follow-
up only 5 patients had infections with fever. Twenty patients, however, had persistent 
infections without fever. 
In 8 patients (5 males, 3 females) dilatation of the upper urinary tract was present 
before the surgery. Of these, 7 (4 males, 3 females) improved after surgery, although 
in 1 patient the dilatation increased after the implantation of the sacral anterior root 
stimulator. No patient in this series has developed upper tract dilatation after the 
implantation of the bladder stimulator. 
Reflux was present in 9 patients (8 males, 1 female) before the operation (see Table 
XII). In 7 patients (6 males, 1 female) the reflux disappeared or diminished after surgery. 
However, 2 male patients showed persistent reflux with bladder stimulation. No patient 
in this series has developed reflux with the use of the stimulator. 
Thirty-six patients (14 males, 22 females) use the stimulator for defecation (see Table 
XIII). In 30 patients (14 males, 16 females) the use of medication together with 
stimulation of the sacral roots is necessary to permit evacuation. Forty-four patients (23 
males, 21 females) use the stimulator in conjunction with manual evacuation to permit 
complete emptying of the rectum. In 48 patients (33 males, 15 females) the stimulator 
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Residual (after surgery) 
< 30 ml 
31-60 ml 
61-200 ml 
































































Table XIII Defecation 
With stimulator alone 
Stimulator + medication 
Stimulator + manual evacuation 

















is not used for defecation because it does not assist with this purpose. In 26 patients 
no information on postoperative use of the stimulator for defecation is available. 
Of the 90 males with a stimulator, information on their erections after the operation 
is available in 77 (see Table XIV). Ал erection used for coitus is possible with electrical 
stimulation in 25 patients. Seventeen patients can provoke an erection rigid enough for 
coitus with the stimulator but do not use it for coitus, whereas 8 patients say that their 
stimulated erections are insufficiently rigid for coitus. In 20 males stimulated erection 
was not possible, and 7 men noticed a deterioration of their electrically stimulated 
erections after a variable period of using the stimulator. Autonomic dysreflexia was 
present in 26 patients (13 males, 13 females) before the operation (see Table XV). After 
surgery persistent autonomic dysreflexia was present in 10 patients (9 males, 1 female). 
No single patient developed autonomic dysreflexia after surgery. 
Table XIV Stimulated erections 
η 
Used for coitus 25 
Not used for coitus 
though rigid enough 17 
not rigid enough for coitus 8 
No erections 20 
Deterioration of stimulated erections 7 
Unknown 13 












Discussion and conclusions 
Although this series represents only 184 patients of the estimated 572 (32%) that have 
been operated on worldwide, some general conclusions can be made. 
The results of the technique of complete intradural posterior sacral root rhizotomies 
in combination with the implantation of a Finetech-Brindley sacral anterior root 
stimulator seems to be very rewarding in improving continence, evacuation of urine, 
and bladder capacity. An earlier report already presented the important urodynamic 
change after this operation13. The amount of residual urine is reduced and the incidence 
of urinary tract infections is significantly decreased. This confirms previous data from 
the literature10. 
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Upper urinary tract problems, if present, may resolve, and up to now no deteriora-
tion of the upper urinary tract has been reported after rhizotomies and the use of the 
stimulator. Also with longer follow-up no upper tract problems have been documented2. 
Defecation can also be assisted by the stimulator and a majority of the patients 
consider the implant to be helpful in this respect. One study showed that in all patients 
who perform electrical stimulation for defecation, a considerable reduction of the time 
necessary for evacuation is realised5. 
Penile erections by electrical stimulation can be achieved in about two-thirds of the 
men with the stimulator, but only one-third of these use stimulated erections for coitus. 
This confirms previously published data on a smaller series9. 
Autonomic dysreflexia can be eliminated by this treatment, although no guarantee 
can be given before the operation. In general the majority of patients with autonomic 
dysreflexia before the surgery benefit from the sacral rhizotomies and have no problems 
with electrical stimulation of the anterior roots2,6. 
Even in centres that have performed only a limited number of implants the results 
seems to be consistently good. This can be explained to some extent by the personal 
involvement of a small team of experts trained by Professor Brindley, who assisted in 
the first implants in each center. The indications and the surgical technique are now 
standardised, so that in future careful selection of the patients and meticulous applica-
tion of the operation will be possible712. However, the surgery does require a special 
expertise with and interest in the treatment of patients with spinal cord injury and a 
multi-disciplinary approach12. 
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Summary 
The technique of posterior sacral root rhizotomies in combination with electrical 
stimulation of the sacral anterior roots is used to increase the storing capacity of the 
bladder and to induce urine evacuation in patients with a spinal cord injury. The actual 
Finetech-Brindley bladder controller uses induction coupling between a transmitter and 
an implanted receiver to transfer stimulation commands and energy. Due to this 
inductive coupling the stimulation current depends on the relative position of the 
transmitter. Therefore, the effectiveness of bladder stimulation varies with the position 
of receiver and transmitter. 
In an in-vitro study the influence of the transmitter position on the stimulation 
currents in the Finetech-Brindley electrodes has been measured. Based on the variations 
found, the need for an improved stimulation system is put forwards. In order to define 
the minimal output of a programmable implant, stimulation thresholds for bladder 
activation were measured in an in-vivo study in patients with a complete spinal cord 
injury, undergoing implantation of a Finetech-Brindley sacral anterior root stimulator. 
Far lower current thresholds than previously mentioned with the Finetech-Brindley 
electrodes were found. 
Introduction 
Intra- or extradural electrical stimulation of the sacral roots is used to induce urine 
evacuation in patients with a spinal cord injury4,16. To reinstate also the storing capacity 
of the bladder, necessary to have a complete restoration of the micturition cycle, the 
implantation of electrodes used for evacuation of urine must be combined with posterior 
sacral rhizotomies18. Good clinical results, also with a long-term follow-up, have been 
achieved in the treatment of neurogenic bladder dysfunction in patients with a complete 
spinal cord injury with the intradural technique using the Finetech-Brindley bladder 
controller (Finetech Ltd, UK)6. 
A drawback of the Finetech-Brindley bladder controller is the variable stimulation 
current depending on the relative position of the transmitter. This is related to the 
technology used in the equipment. The implantable part of the Finetech-Brindley 
bladder controller consists of an electrode book with separate slots, designed to contain 
the different anterior roots. With this construction, each of the electrodes is controlled 
by a different stimulation program that must be set individually under urodynamic 
control during the postoperative follow-up. 
The electrodes are connected by Cooper-cables to a receiver block that contains three 
receiver coils with a diameter of 1 cm. The receiver block is implanted subcutaneously 
in a pouch at the level of the lower thoracic or abdominal wall. For stimulation, three 
transmitting coils with the same configuration as the three coils of the receiver block, 
must be placed on the skin over the receiver. The energy for internal stimulation is 
generated by an external control box that contains rechargeable batteries and is con-
nected to the transmitting coils. The setting of the stimulation programs is performed 
in the stimulator box. 
The generated electrical pulses from the control box are transformed into high-
frequency signals and transmitted through the skin. The subcutaneous receiver trans-
forms these signals into electrical currents that stimulate the anterior sacral roots. 
Due to the inductive coupling between transmitter and receiver, one can presume 
that the distance and lateral shifting between transmitter and receiver influences the 
stimulation current in the electrodes. Indeed, in the clinical practice of sacral root sti-
mulation in patients with a spinal cord injury, problems with variations in the effective-
ness of evacuation of urine occurs regularly, especially in the initial phase after surgery. 
Meticulous setting of the stimulation parameters is essential to limit the electrically 
induced detrusor-sphincter dyssynergia and to control the intravesical pressure during 
implant driven micturition since for evacuation of urine the so called "post stimulus 
voiding technique" is used. With this technique, evacuation of urine with limited 
detrusor-striated sphincter dyssynergia is only possible with bursts of stimulation, making 
use of the different contraction and relaxation behaviour of the striated muscles of the 
urethral closure mechanism and the smooth muscle of the detrusor. By electrical 
stimulation of the sacral anterior roots, the striated muscles of the urethral closure 
mechanism and the pelvic floor will contract very rapidly with a quick rise in intra-
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urethral pressure17. The intra-urethral pressure increase will only be present during the 
stimulation burst and is followed by a sudden relaxation. Activation of the smooth 
muscle of the detrusor produces a slow but progressive increase of intravesical pressure. 
By setting the duration of the stimulation burst, the intravesical pressure will exceed the 
intra-urethral pressure after the end of the stimulation burst. Evacuation of urine from 
the bladder is therefore possible with low outflow resistance. By setting the gap between 
the bursts of stimulation, the next burst of stimulation will start when the intravesical 
pressure decreases and the urine flow stops. Complete emptying of the bladder therefore 
is only possible with an interrupted flow. For complete evacuation of the bladder 
content, several stimulation bursts are needed. By meticulous setting of the stimulation 
parameters, complete evacuation of urine at an intravesical pressure of less than 120 cm 
H 2 0 is possible and detrusor-sphincter dyssynergia induced by the electrical stimulation 
remains limited19. However the setting of this stimulation program is critical, different 
in every patient and is difficult to perform with the actual equipment. Urodynamic 
registration of the intravesical pressure is necessary during the initial setting and at every 
control visit, to avoid evacuation of urine with extreme detrusor-sphincter dyssynergia 
and very high intravesical pressures18. Even with a correct setting of the electrical 
parameters, post stimulus voiding is not a physiological type of micturition. 
A solution to the problem of the possible variations of the current depending on the 
relative position of transmitter and receiver, could be a programmable implant that 
controls the stimulus currents. A similar implant used in patients exists already for 
cochlear stimulation10. This stimulation system allows a more precise setting of the 
stimulation and produces reproducible stimulation parameters. Therefore such a system 
could also be suitable for bladder stimulation. However, the cochlear implant has a 
maximum current output of 24 mA with a maximum voltage of 10 V. Little is known 
on the stimulus thresholds of bladder activation by sacral root stimulation. Some authors 
have indicated that the stimulation current needed for detrusor contraction by stimula-
tion of the sacral anterior roots ranges between 4 to 6 mA using a pulse width 200 
|lsec15. With the actual Finetech-Brindley bladder controller a stimulation current range 
up to 40 mA was estimated to be necessary for adequate bladder activation [Brindley, 
personal communication]. However the stimulus thresholds for detrusor activation with 
the Finetech-Brindley electrodes have never been published. 
Aim of study 
Significant current variations depending on the relative position of transmitter and 
receiver of the Finetech-Brindley bladder controller have hypothesized, but no measure-
ments confirming this are available. As a first step to describe the requirements for a 
system that permits better control of the stimulation of sacral anterior roots, we studied 
in an in-vitro experiment the influence of the pulse width, the voltage amplitude as 
measured at the output of the control box, and the distance and shift between the 
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transmitter and the receiver on the anodal current in the electrodes of the Finetech-
Brindley sacral anterior root stimulator. 
To overcome the actual problems with a transmitter-receiver coupled system, the 
technology of a cochlear implant could be used. In order to define the minimal current 
output of such a programmable implant to be used for bladder activation, information 
on the current thresholds needed for bladder activation by sacral root stimulation is 
necessary. Since only estimations of the current thresholds for bladder activation were 
available, we studied these thresholds in an in-vivo experiment during implantation of 
the Finetech-Brindley electrodes in patients with a complete spinal cord injury. 
Methods 
For the in-vitro current measurements a 10 Ω resistor was placed in series with the 
cathode in the middle of the tripolar Finetech-Brindley electrode. The electrodes were 
placed in a 0.9% NaCl solution in order to simulate the situation in the human spinal 
canal with the electrodes surrounded by cerebrospinal fluid. The voltage over the resistor 
(V
rcslstor) was measured with an oscilloscope. The anodal current (I a n o J c) was calculated 
as: lanodc = (V
resBtor/10). With pulse widths above 350 \lsec, the amplitude of the voltage 
declines during the stimulation burst. For the graphs, the mean current was noted. 
The in-vivo current threshold measurements were performed at the time of implanta­
tion of a Finetech-Brindley bladder controller in five consecutive patients. After complete 
posterior sacral root rhizotomies and positioning of the sacral anterior roots in the 
appropriate electrode books, the dura was closed and the electrode leads passed to the 
ventral side of the patient. Prior to connection of the leads to the receiver, all electrodes 
were tested by direct stimulation on the leads. Stimulation was performed with the 
hookelectrode used for peroperative nerve stimulation connected to an external 
stimulator (pulse width: 350 \lsec, frequency: 30 Hz, voltage: 10 V). The bladder was 
filled with 200 ml to record the pressure increase after stimulation of the electrodes. The 
electrode lead with the best bladder response was connected to a special designed 
external stimulator (Quantum, ABS, Belgium), which has the same hardware as the 
commercially available cochlear implant (Laura, ABS, Belgium). 
The bladder was filled again with 200 ml and stimulation took place with biphasic 
rectangular pulses (pulse width: 200 |lsec, delay between the pulses: 100 |isec, frequency: 
30 Hz). The intravesical pressure increase was noted for every stimulation and stimula­
tion was started at a current of 0.5 mA. 
Results 
The results of the in-vitro measurements are presented in graphs illustrating the influence 
of pulse width and voltage amplitude as measured at the output of the Finetech-Brindley 
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bladder controller, on the stimulation current at distances of 0 mm, 2.5 mm, 5 mm, 
10 mm, 15 mm and 20 mm (Figures la to If). For all graphs a pulse interval of 22 
ms was taken. 
Fig. la 
dist. 0 mm 
Fig. lb 
disc. 2,5 mm 
Fig. lc 
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on the stimulation current at different distances. 
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At all distances, the maximum current is reached with the shortest pulse width. It 
is evident from these figures that, with changing distance between the transmitter and 
the receiver, but at a same voltage set in the external stimulator box of the Finetech-
Brindley equipment, the stimulation current varies significantly with the distance between 
transmitter and receiver. 
Figures 2a to 2c show that for a distance above 2.5 mm the current decreases gradually 
with increasing distance at every voltage set. For every voltage amplitude between 5 and 
40 V this relation between distance and current is present. 
A horizontal shift between the transmitter and the receiver has also a significant effect 
on the stimulation current (Figure 3). With a distance between transmitter and receiver 
of 0 mm, a shift of 5 mm increases the current at the electrode. With increasing shift 
however the current decreases rapidly and reaches 0 mA with a shift by only 17 mm. 
The current thresholds for bladder activation with the Finetech-Brindley electrodes were 
measured in 5 patients at the time of implantation of a Finetech-Brindley sacral anterior 
root stimulator. The intravesical pressure responses to electric stimulation are presented 
in Figure 4. When increasing the stimulus current, the detrusor contraction starts at a 
current between 0.5 and 2 mA (mean: 1.2 mA). With increasing current the intravesical 
pressure response rises quickly. The maximum intravesical pressure response is reached 
for values between 1.5 and 4.5 mA (mean: 3 mA). The maximum intravesical pressure 
varies between 60 and 210 cm H 2 0 (mean: 138 cm H 20). Stimulation with 1.5 mA 
resulted in a pressure increase of 210 cm H20 in one patient. 
Discussion 
The results of the in-vitro study with the Finetech-Brindley implant have shown that 
with an electromagnetic coupling between transmitter and receiver, as actually used, the 
stimulation currents are significantly influenced by the positioning of the external trans-
mitter. In the wheelchair bound patient with a spinal cord injury and motoric handicaps, 
the actual technique leads to variations in the effectiveness of bladder activation and is 
rather difficult to handle. For a distance above 2.5 mm the stimulation current decreases 
gradually with increasing distance at every voltage set in the external controller. Since 
in a patient, the skin and the subcutaneous tissue are present between the transmitter 
and the receiver, the clinical situation is best reflected with distances of more than 10 
mm between transmitter and receiver. 
These measurements confirmed the experience in patients that rather limited shifting 
of the transmitter or little changes of the distance between the transmitter and the receiver 
can influence the effectiveness of the implant driven evacuation of urine. Since the patient 
has to localise the subcutaneous receiver by palpation and since the position of the receiver 
can vary depending on the position of the patient, these variations in the current can 
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Fig. 2a-2c: The influence of the distance between transmitter and receiver on the stimulation 
current at different voltage amplitudes. 
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Fig. 3: The influence of shifting between the transmitter and the receiver on 
the stimulation current in a Finetech-Brindley electrode. 
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Cathodal current [mA] 
Fig. 4: Intravesical pressure responses to electrical stimulation of a single 
Finetech-Brindley electrode lead (pulse width 200 \lsec, frequency 30 Hz) 
in five patients. 
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the stimulator box therefore is increased, to guarantee sufficient intravesical pressure 
during the whole micturition cycle even when some shifting is present or when the 
distance between the receiver and the transmitter increases. However, significant varia-
tions in the intravesical pressures during different episodes of stimulation still can occur. 
Therefore, research must be directed towards stimulation systems that do not use 
an analogue coupling but permits a constant and reproducible control of the stimulation 
parameters in the implant. Such an implant should decode incoming information and 
drive the electrodes. With this type of equipment an electromagnetic coupling remains 
necessary for the programming of the current parameters in the implanted receiver, for 
the on/off function and for the power supply. 
An implant based on a cochlear stimulator could be suitable for the purpose of 
bladder stimulation. The current thresholds for detrusor activation by stimulation of 
the sacral roots as measured in the in-vivo study in patients with the Quantum 
stimulator, show that bladder activation with this type of implant is possible. 
With the actual Finetech-Brindley electrodes lower stimulation currents than 
previously mentioned can be used to induce a detrusor contraction. The variations 
between the intravesical pressure responses in different patients are probably caused by 
the different roots that are stimulated and the variable characteristics of the detrusor 
muscle in individual patients. Moreover stimulation during these experiments was 
performed with only one of the electrodes. For clinical use normally two electrodes are 
stimulated in the majority of patients to realise an optimal detrusor contraction for 
evacuation of urine. 
However, even under these circumstances maximum pressures that could allow 
evacuation of urine are reached with stimulation currents below 4.0 mA. 
Clinical experience has shown that the detrusor behaviour during stimulation with 
the parameters as set in the external stimulator box during the postoperative setting, 
tends to be the same under standard circumstances also with a longer follow-up6. There-
fore, we may presume that the actual low currents, needed for detrusor activation with 
the Finetech-Brindley electrodes, do not change with time and that the same electric 
parameters remain valid during follow-up. The intradural localisation of the electrodes 
with the sacral roots surrounded by cerebrospinal fluid probably prevents significant 
growth of fibrous tissue around the site of stimulation. 
The precise setting of the stimulation parameters in the cochlear implant opens the 
way for new forms of electrical stimulation. Therefore a programmable implant would 
be an important amelioration. Since in some patients afferent pain fibres can be present 
in the anterior sacral roots7, sacral anterior roots stimulation for urine evacuation with 
the actual parameters can result in pain thus preventing further use of the stimulator5. 
This is one of the reasons why patients with a partial spinal cord lesion with preserved 
sensibility are no ideal candidates for treatment with the actual technique. With better 
control of the stimulation parameters one could use the so called "pain free window" 
in which the parasympathetic fibres to the bladder and the rectum are stimulated 
without simultaneous stimulation of the afferent pain fibres1,5. 
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Better control of the stimulation parameters could have another advantage. The 
actual sacral anterior root stimulation technique results in simultaneous activation of 
striated urethral sphincter and smooth detrusor muscle9. A system that realises a better 
control of the stimulation parameters could permit new applications such as selective 
activation of small nerve fibres1. With this technique, selective activation of those fibres 
within the sacral roots innervating the detrusor should be realised without simultaneous 
activation of the fibres innervating the pelvic floor. The diameters of the fibres 
innervating the urethral sphincter are larger than those innervating the detrusor14. A 
different threshold for excitation of the two types of fibres may be expected". Selective 
stimulation and blockage therefore can be achieved in a tripolar electrode with a 
combination of excitation at the level of the cathode in the middle and an electric block 
at the level of the two outer anodes8. For selective activation of the bladder without 
activation of the striated muscles of the urethral sphincter and the pelvic floor, an anodal 
block of the large fibres of the sacral ventral roots distal to the cathode is necessary. For 
complete blockage of the activation of all afferent fibres, an anodal block at the anode 
proximal to the cathode is required11. A system that could realise this type of selective 
stimulation, would reduce instantly the outlet resistance without supplementary surgery 
or extra electrodes, because no electrically induced contraction of the striated urethral 
musculature and no detrusor-sphincter dyssynergia would be present. This type of 
stimulation and blockage could result in a more physiologic, non-interrupted evacuation 
of urine, including lower peak pressures in the bladder than with post-stimulus voiding. 
Eventually by blocking most activated sensory fibres proximal to the cathode, pain 
sensation in patients with preserved pelvic pain sensation could also be reduced with 
this technique13. 
The combined treatment with complete posterior sacral root rhizotomies and 
stimulation of the anterior sacral roots is only possible in patients with a complete 
spinal cord injury since in patients with a partial spinal cord injury, posterior 
rhizotomies would cause loss of perineal sensibility. Therefore, a broader indication for 
this technique, in order to treat other types of neurogenic bladder dysfunction, is not 
possible. An implant that would permit an electric interruption of the pathological 
sacral reflexes by blocking all afferent fibres of the sacral roots, could realise an electric 
deafferentiation and would be suitable for bladder stimulation in patients with a partial 
spinal cord lesion. 
The results of the in-vivo study are used to confirm and validate data from a 
computer model of sacral root stimulation12. This model predicts the electrical behaviour 
of the fibres in the sacral roots under cathodal stimulation and anodal block. Based on 
this model the possibilities of selective stimulation of those fibres within the sacral roots 
innervating the detrusor, with simultaneous blockage of the fibres innervating the pelvic 
floor can be studied. This type of stimulation and blockage could finally result in a more 
physiological evacuation of urine. Non-interrupted implant driven micturition has 
recently been realised in the dog by selective stimulation and blockage of the sacral 
roots". If such a type of stimulation could be achieved in humans, more patients 
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suffering of neuropathic voiding dysfunction could benefit in the future from electrical 
bladder stimulation. 
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CHAPTER 13 
Summary and conclusions 

Summary 
The majority of patients with a spinal cord injury develop urological problems mainly 
due to bladder dysfunction. Improved urological care has reduced the incidence of 
serious complications involving the urinary tract and therefore renal insufficiency or 
failure are no longer common causes of death in patients with a spinal cord injury. 
However urological problems are still responsible for important morbidity and have a 
very significant influence on the quality of life. 
This study evaluates the place of electrical bladder stimulation in the treatment of 
patients with a spinal cord injury. 
In CHAPTER 1 a general introduction describes the number of patients with a spinal 
cord injury in the Netherlands, their urological problems and the care given. In the 
second part of chapter 1 the aims of this study are outlined. 
In CHAPTER 2 the published literature on the neuro-anatomy and the patho-
physiology of neurogenic bladder dysfunction in patients with a spinal cord injury is 
discussed. After a brief introduction on the dual function of the bladder (storage and 
evacuation of urine), the normal innervation of the lower urinary tract and the ontogeny 
of the micturition reflex are reviewed. The different classifications and the patho-
physiologic entities of neurogenic lower urinary tract dysfunction are described, as well 
as their relevance to the application and development of newer treatment modalities. 
In CHAPTER 3 a review of the urological morbidity in a group of 105 patients with 
a traumatic spinal cord lesion is presented. The relationship between bladder behaviour 
and the method of urine evacuation, and the influence of these 2 factors on upper 
urinary tract problems, urinary tract infections, stone formation and incontinence are 
discussed. Based on these data it is concluded that even with the careful application of 
the currently accepted treatments, important morbidity persists and in this situation, 
the most appropriate method for the control of bladder behaviour and urine evacuation 
is outlined. 
In CHAPTER 4 the classical therapeutic modalities in neurogenic bladder dysfunction 
are described as an introduction to a possible role for electrical stimulation of the 
bladder in patients with a spinal cord injury. The different goals of the ideal treatment 
are outlined and related to all possible methods of facilitating bladder emptying and 
urine storage. It is concluded that the classical forms of treatment do not solve all the 
problems of the urological care in patients with neurogenic bladder dysfunction after 
a spinal cord injury and that newer forms of treatment are needed. 
In CHAPTER 5 the possible role of electrical stimulation in the management of 
neurogenic bladder dysfunction is analyzed. The background for electrical stimulation 
is given as well as a historical overview of the use of electrical stimulation for the control 
of bladder function. The specific role of electrical stimulation in spinal cord injury and 
the indications for electrical stimulation of the bladder in patients with a spinal cord 
injury are described. 
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In CHAPTER 6 a new form of treatment which aims to restore the storage and evacu-
ation capacities of the bladder in spinal cord injury is presented. This treatment consists 
of a combination of intradural posterior sacral root rhizotomies and implantation of an 
anterior sacral root stimulator. The technique, the way in which it was standardised, 
is described in detail and the use of the Finetech-Brindley bladder controller, the only 
commercially available stimulator for patients with a spinal cord injury, is presented. 
In CHAPTER 7 the results of an experimental study in patients who were implanted 
with a Finetech-Brindley bladder controller, are presented. The influence of the parasym-
pathetic innervation to the urethra is illustrated by electrical stimulation of the posterior 
and anterior roots of the sacral nerves and evidence for an afferent parasympathetic 
inhibitory mechanism in the spinal micturition centre is given. 
In CHAPTER 8 the role of urodynamic evaluation in the screening and follow-up of 
patients submitted to posterior sacral rhizotomies and anterior sacral root stimulation, 
is evaluated. The problems and pitfalls of urodynamic evaluation in patients with a 
spinal cord injury, candidates for electrical stimulation, are discussed and the results 
presented in a series of 21 patients in which a Finetech-Brindley bladder controller was 
implanted. 
The clinical results of the treatment of neurogenic bladder dysfunction in spinal cord 
injury by posterior sacral root rhizotomies and anterior sacral root stimulation are 
presented in CHAPTER 9. Based on the experience of 35 patients treated with the 
previously described technique, the results in terms of continence, increase in bladder 
capacity and evacuation of urine without residual urine are discussed as well as the effect 
on urinary tract infections and upper urinary tract problems. 
Since a reduced bladder compliance is one of the most important prognostic factors 
for the influence of the bladder on the upper urinary tract in neurogenic bladder 
dysfunction, the changes in bladder compliance after posterior sacral root rhizotomies 
in 27 patients are outlined in CHAPTER 10. The long-term beneficial effects of sacral 
rhizotomies are illustrated and the role of this part of the operation is discussed. 
In CHAPTER 11 an overview is given of the overall results of implantation with the 
Finetech-Brindley sacral anterior root stimulator in 184 patients in 23 centres world-
wide and the effects on continence, evacuation of urine and increase in bladder capacity 
are illustrated. 
In CHAPTER 12 a critical analysis is made of the Finetech-Brindley bladder controller, 
used for bladder stimulation in patients with a spinal cord injury. The clinical problems 
with this equipment are discussed based on the results from an in-vitro study. Because 
there are broader indications for the use of electrical stimulation of the bladder, the 
limitations of the available methods are reviewed and the direction for further research 
is indicated. Based on the results from an in-vivo study of the current thresholds needed 
for bladder activation in humans, it is concluded that it must be possible to build an 
implantable system that permits electrical bladder stimulation in a greater proportion 
of patients with neurogenic voiding dysfunction. 
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Conclusions and future perspectives 
The technique of intradural posterior sacral root rhizotomies and anterior sacral root 
stimulation, as described and analyzed in this thesis, has proved to reduce the morbidity 
of neurogenic bladder dysfunction after a complete spinal cord injury with preserved 
motor innervation of the detrusor. With this type of treatment, incontinence is abolished 
and bladder capacity increases significantly. Evacuation of urine is facilitated and results 
in a reduction of the number of urinary tract infections. The function of the upper 
urinary tract can be restored and safeguarded against progressive deterioration. 
However, the actual technique requires complete posterior sacral rhizotomies which 
results in an irreversible change in the neurological integrity of the patient. If any 
sensory innervation below the level of the lesion is preserved, electrical stimulation of 
the sacral anterior roots can be painful. Therefore, this type of treatment is only indi-
cated in patients with a complete spinal cord injury. For anatomical reasons, complete 
posterior sacral rhizotomies require an invasive, intradural approach. 
The only commercially available system that permits intradural anterior sacral root 
stimulation has some technical drawbacks and produces a non-physiologic evacuation 
of urine. 
Based on these findings we conclude that changes in surgical technique and implant 
technology, in spite of the satisfactory clinical resulrs, are needed. In this thesis electronic 
improvements such as a programmable implant that should reduce undesirable diffi-
culties in the clinical use of stimulators are outlined. This type of implant would also 
enable newer forms of electrical stimulation such as selective stimulation and blocking 
to be used. Our current research is directed towards the development of an implantable 
stimulator that permits selective stimulation and blocking of sacral roots without 
supplementary surgery. Selective stimulation of the efferent fibres of the detrusor and 
simultaneous blocking of all other efferent and afferent fibres will allow an imitation 
of the normal micturition reflex. Recently we have achieved implant driven evacuation 
of urine by selective stimulation of the parasympathetic detrusor efferents and simulta-
neous blocking of the somatomotor fibres of the sacral roots in the dog. This represents 
the first step towards the ideal bladder stimulator. By using such an implant, inhibition 
of all afferent information is feasible and hence electric deafferentiation could be 
achieved. 
Using these electronic techniques, the intradural approach is no longer essential since 
electric deafferentiation can be achieved using the extradural part of the sacral roots. A 
bladder pressure sensor, that detects pressure increases due to detrusor hyperreflexia, 
could be connected to a nerve stimulator that achieves a block of all afferent impulses. 
Such a system would interrupt the pathological reflex and could be the solution to the 
problems and limitations encountered with the present method. 
We hope that through our further research this type of treatment will become 




Samenvatting en conclusies 

Samenvatting 
De meeste patiënten met een dwarslaesie hebben urologische problemen, vooral door 
afwijkingen van de blaasfunctie. Betere urologische zorgverlening heeft het vóórkomen 
van ernstige urologische complicaties in belangrijke mate verminderd en daardoor is 
nierinsufficiëntie niet langer de voornaamste doodsoorzaak. Urologische problemen zijn 
echter nog steeds verantwoordelijk voor ernstige morbiditeit en hebben bovendien een 
belangrijke invloed op de levenskwaliteit. 
Dit proefschrift tracht de plaats te bepalen van de elektrische stimulatie van de blaas 
bij de behandeling van het neurogeen blaaslijdcn ten gevolge van een dwarslaesie. 
In HOOFDSTUK 1 wordt een algemene inleiding gegeven over het aantal patiënten 
met een dwarslaesie in Nederland, de urologische problematiek en de organisatie van 
de behandeling. In het tweede deel van hoofdstuk 1 worden de doelstellingen van dit 
proefschrift uiteengezet. 
In HOOFDSTUK 2 wordt ingegaan op de neuro-anatomie en de pathofysiologie van 
het neurogeen blaaslijden ten gevolge van een dwarslaesie. Na een kort overzicht van 
de dubbele functie van de lage urinewegen, te weten het opslaan en evacueren van urine, 
wordt de normale zenuwvoorziening van de lage urinewegen en de ontwikkeling van 
de mictiereflex besproken. De mogelijke indelingen en de verschillende vormen van het 
neurogeen blaaslijden worden toegelicht met het oog op de toepassing en de verdere 
ontwikkeling van nieuwe vormen van behandeling. 
In HOOFDSTUK 3 wordt een overzicht gegeven van de urologische morbiditeit in 
een groep van 105 patiënten met een traumatische dwarslaesie. Het verband tussen de 
blaasafwijkingen en de vorm van blaaslediging alsmede de invloed op de hoge urinewe-
gen, urineweginfecties, steenvorming en incontinentie wordt aangegeven. Op basis van 
deze gegevens wordt geconcludeerd dat er, zelfs met maximale toepassing van de 
klassieke vormen van behandeling, een belangrijke morbiditeit blijft bestaan. De ideale 
vorm van controle over vulling en lediging van de blaas wordt beschreven en de 
noodzaak tot het ontwikkelen van verbeterde vormen van behandeling wordt aangegeven. 
Als inleiding op de mogelijke rol van de elektrische stimulatie van de blaas bij 
mensen met een dwarslaesie, wordt in HOOFDSTUK 4 een overzicht gegeven van de 
klassieke vormen van behandeling. De doelstellingen van de ideale behandeling worden 
uiteengezet in het licht van de huidige mogelijkheden om het opslaan van urine en de 
lediging van de blaas te verbeteren. Geconcludeerd wordt dat de klassieke vormen van 
behandeling bij het neurogeen blaaslijden ten gevolge van een dwarslaesie niet alle 
urologische problemen kunnen oplossen en dat dus nieuwe behandelingsvormen nodig 
zijn. 
In HOOFDSTUK 5 wordt ingegaan op de mogelijke rol van elektrische stimulatie bij 
de behandeling van het neurogeen blaaslijden. Naast de achtergronden wordt ook de 
geschiedenis van de elektrische stimulatie van de blaas besproken. De specifieke rol van 
de elektrische stimulatie van de blaas bij mensen met een dwarslaesie wordt toegelicht, 
evenals de mogelijke indicaties. 
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In HOOFDSTUK 6 wordt een nieuwe vorm van behandeling voorgesteld waarbij 
getracht wordt zowel het opslaan als het evacueren van urine te verbeteren. Deze 
behandeling bestaat uit een combinatie van intraduraJe achterste sacrale rhizotomieën 
en implantatie van een voorwortelstimulator. De techniek van de implantatie, zoals deze 
gestandaardiseerd werd en het gebruik van de Finetech-Brindley blaasstimulator, worden 
in detail beschreven. 
In HOOFDSTUK 7 worden de resultaten besproken van een experimentele studie bij 
patiënten bij wie een blaasstimulator geïmplanteerd werd. De invloed van de parasym-
pathische zenuwvoorziening op de urethra wordt geïllustreerd door de effecten tijdens 
elektrische stimulatie van de voorste en achterste sacrale wortels. De aanwezigheid van 
afferente parasympathische remming ter hoogte van het ruggcmerg wordt hierdoor 
aangetoond. 
In HOOFDSTUK 8 wordt de rol bestudeerd van de urodynamische evaluatie bij de 
selectie en de controle van patiënten die achterste sacrale rhizotomieën en implantatie 
van een blaasstimulator ondergaan. De problemen en bijzonderheden van het urodyna-
misch onderzoek bij mensen met een dwarslaesie die kandidaat zijn voor blaasstimulatie 
worden besproken en de urodynamische resultaten bij 21 patiënten die een Finetech-
Brindley blaasstimulator hebben, worden geanalyseerd. 
De klinische resultaten van de behandeling van het neurogeen Ы aaslij den ten gevolge 
van een dwarslaesie door middel van achterste sacrale rhizotomieën en sacrale voorwor-
telstimulatie worden voorgesteld in HOOFDSTUK 9. Op basis van de ervaring bij 35 
patiënten die met deze techniek werden behandeld, worden de resultaten op het gebied 
van herstel van continentie, toename van de blaascapaciteit en lediging van de blaas 
zonder residu, besproken. De vermindering van het aantal urineweginfecties en het 
verdwijnen van afwijkingen aan de hoge urinewegen wordt aangegeven. 
Aangezien de compliantie van de blaas bij het neurogeen blaaslijden de voornaamste 
prognostische factor is voor het optreden van afwijkingen ter hoogte van de hoge 
urinewegen, worden in HOOFDSTUK 10 de veranderingen van de compliantie van de 
blaas na het uitvoeren van achterste sacrale rhizotomieën besproken. De gunstige lange 
termijn effecten van de sacrale rhizotomieën worden geïllustreerd bij 27 patiënten en 
de plaats van dit onderdeel van de chirurgische techniek wordt toegelicht. 
In HOOFDSTUK 11 wordt een overzicht gegeven van de globale resultaten van de 
implantatie van een Finetech-Brindley voorwortelstimulator bij 184 patiënten in 23 
centra over de hele wereld. De goede resultaten wat betreft het herstel van de conti-
nentie, lediging van de blaas en toename van de blaascapaciteit worden geïllustreerd. 
In HOOFDSTUK 12 wordt een kritische analyse voorgesteld van de Finetech-Brindley 
voorwortelstimulator zoals deze gebruikt wordt bij mensen met een dwarslaesie. De 
mogelijke problemen met de huidige apparatuur worden besproken in het licht van de 
gegevens van een in-vitro studie. Met het oog op het uitbreiden van de indicaties voor 
elektrische stimulatie van de blaas, worden de beperkingen van de huidige methode 
geanalyseerd en de richting voor verder onderzoek wordt aangegeven. Op basis van de 
resultaten van een in-vivo studie naar de stroomdrempels voor activatie van de blaas bij 
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de mens, wordt besloten dat het mogelijk moet zijn om een implanteerbaar systeem te 
maken, geschikt voor elektrische stimulatie van de blaas bij een grotere groep patiënten 
met neurogeen blaaslijden. 
Conclusies en toekomstverwachtingen 
De gecombineerde techniek van de intradurale achterste sacrale rhizotomieën en de 
sacrale voorwortelstimulatie, zoals in dit proefschrift beschreven en onderzocht, leidt tot 
een significante vermindering van de morbiditcit van het neurogeen blaaslijden bij 
patiënten met een complete dwarslaesie met intacte motorische zenuwvoorziening van 
de detrusor. Door deze behandeling wordt de continentie hersteld en neemt de blaas-
capaciteit duidelijk toe. De lediging van de blaas wordt gemakkelijker en efficiënter en 
leidt tot minder urineweginfecties. De anatomie van de hoge urinewegen herstelt zich 
en verder functieverlies van de nieren wordt voorkomen. 
Volledige achterste sacrale rhizotomieën vormen echter een essentieel onderdeel van 
de huidige techniek en leiden tot een irreversibele verandering van de neurologische 
toestand van de patiënt. Indien bovendien de sensibiliteit beneden het niveau van de 
dwarslaesie bewaard is, kan elektrische stimulatie van de sacrale zenuwwortels pijnlijk 
zijn. Daarom zijn alleen mensen met een volledige dwarslaesie geschikte kandidaten voor 
deze behandeling. Om anatomische redenen vereisen de sacrale rhizotomieën bovendien 
een invasieve, intradurale benadering. 
Het enige apparaat voor intradurale stimulatie van de voorste sacrale zenuwwortels 
dat commercieel beschikbaar is, vertoont enkele technische tekortkomingen en leidt tot 
een niet-fysiologische lediging van de blaas. 
Op basis van deze bevindingen kan gesteld worden dat de huidige techniek en 
apparatuur verbeterd moeten worden, ondanks de goede klinische resultaten. In dit 
proefschrift werd reeds aangegeven dat elektronische verbeteringen zoals een program-
meerbaar implantaat op korte termijn tot de mogelijkheden behoren. Een dergelijke 
apparaat zou ook nieuwere vormen van elektrostimulatie zoals selectieve stimulatie en 
blokkering mogelijk kunnen maken. 
Ons huidig onderzoek richt zich op het ontwikkelen van een implanteerbare stimula-
tor die selectieve stimulatie en blokkering van de sacrale zenuwwortels toelaat zonder 
bijkomende chirurgie. Selectieve stimulatie van de efferente vezels van de detrusor en 
gelijktijdige blokkering van alle andere efferente en afferente vezels moet het mogelijk 
maken de natuurlijke mictie na te bootsen. Recent zijn wij er bij de hond in geslaagd 
blaaslediging te bekomen door selectieve stimulatie van de efferente parasympathische 
zenuwvezels van de detrusor en gelijktijdige blokkering van de somatomotorische vezels 
van de sacrale zenuwen. Dit is een eerste stap op weg naar de ideale blaasstimulator. 
Indien met een dergelijke stimulator inderdaad alle afferente informatie geblokkeerd kan 
worden, is elektrische deafferentiatie mogelijk. Met behulp van deze elektronische 
mogelijkheden is de intradurale benadering niet meer nodig, aangezien elektrische 
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deafferentiatie ook ter hoogte van het extradurale beloop van de sacrale zenuwen 
gerealiseerd kan worden. Een systeem waarbij een druksensor op de blaas de intravesicale 
druk registreert, vervolgens een stimulator stuurt die alle afferente informatie onderbreekt 
en zo de pathologische sacrale reflexboog onderbreekt, zou een oplossing kunnen bieden 
voor alle beperkingen van de huidige methode. 
We hopen dat door ons verder werk een behandeling kan gevonden worden die bij 
een grote groep mensen met neurogeen blaaslijden kan worden toegepast. 
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behorende bij her proefschrift 
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of bladder stimulation 
in spinal cord injury 
Ph.E.VA. VAN KERREBROECK 
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I 
De morbiditeit van het neurogeen blaaslijden wordt zowel door het 
type van de blaasdysfunctie als door de ingestelde behandeling 
bepaald (Dit proefichnfi) 
II 
De techniek van de intradurale sacrale rhizotomieen en implantatie 
van de Finetech-Bnndley electrodes vereist urologische motivatie 
en neurochirurgische deskundigheid (Ditproefichrift) 
III 
De behandeling van het neurogeen blaaslijden ten gevolge van een 
dwarslaesie door middel van achterste sacrale rhizotomieen en 
electrostimulatie van de voorste sacrale zenuwwortels leidt tot een 
significante verbetering van de urodynamische parameters en de 
urologische morbiditeit (Dit proefichnfi) 
IV 
Posterieure sacrale rhizotomieen beïnvloeden de comphantic van de 
blaas niet in nadelige zin (Dit proefichnfi) 
V 
Selectieve stimulatie van de gladde spiervezels van de detrusor 
zonder gelijktijdige activatie van het dwarsgestreept spierweefsel van 
het urethrale afsluitmechanisme is mogelijk 
VI 
Instabiliteit van de urethra speelt een belangrijke rol bij het optre-
den en de ernst van bepaalde vormen van unne-incontinentie bij 
de vrouw 
VII 
Individualisering van de behandeling bij mannen met prostatisme 
klachten berust voorlopig nog op klinisch inzicht eerder dan op 
objectieve gegevens 
VIII 
Bij de chemotherapeutische behandeling van het gemetastaseerd 
blaascarcinoom wordt eerder overleving betracht dan wel verbete-
ring van de levenskwaliteit 
IX 
Het nieuwtestamentische gezegde "Quod scriptum est, manet", 
geldt niet voor de wetenschappelijke medische literatuur. 
X 
Het medisch wetenschappelijk onderzoek heeft zoveel vooruitgang 
geboekt dat er praktisch geen gezond mens meer rondloopt. 
(A. Huxley, 1911) 
XI 
De geïntegreerde verpleging is nog geen volwaardige vervanging 
voor de hoofdverpleegster die de patiënt, de familie, de arts en de 
verplegenden kent. 
XII 
Het beleid in België ten overstaan van het wetenschappelijk onder-
zoek heeft ervoor gezorgd dat grijze materie een belangrijk export-
produkt geworden is. 
XIII 
Ondanks het feit dat van de zes fluitsonates van Johann Sebastian 
Bach (BWV 1030-1035) slechts de eerste twee door hemzelf ge-
schreven zijn, is de muzikale kwaliteit vergelijkbaar. 
XIV 
De discussie over de restauratie van het schilderij "Who's afraid of 
red, yellow and blue III" van de Amerikaanse kunstenaar Barnett 
Newman toont het maatschappelijk belang van de moderne kunst 
aan. 
XV 
Geweten is dat deel dat pijn doet, als al het andere zich zo goed 
voelt. (M. Banks, 1990) 
XVI 
Een origineel idee is uiterst zeldzaam. (A. Einstein, 1925) 





